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ABSTRACT 
This thesis reports on the chemical composition, functional properties and 
nutritional values of two groups of mushrooms including eleven edible Pleiiorius 
mushrooms and fifteen other lesser-known edible ones. Three commonly known 
edible mushrooms, L. edodes, A. hisporus and V. volvacea were used as the controls. 
The moisture content of all these dried mushrooms was less than 10 %. The crude 
protein content of both groups was reasonably high (14.9-28.8 % and 9.40-27.3 %, 
respectively) and they were low in lipid (less than 6.0 %) and ash (4.55-7.71 % and 
3.78-9.47 %, respectively) contents. Potassium was the major element found in these 
mushrooms, together with low levels of sodium, magnesium and calcium in the ash. 
The heavy metal levels were found to be very low in both groups. The total dietary 
fiber (TDF) of the edible Pleuortus mushrooms (26.7-43.6 %) and the other 
Icsser-known edible ,ones (26.7-44.0 %) were predominantly consisted of IDF 
(92.6-98.4 % and 87.9-98.6 %, respectively) and a small amount of SDF (1.60-7.40 % 
and 1.40-12.1 %, respectively). All the above edible mushrooms were low in energy 
(less tlian 300 kcal/lOOg dry weight (DW)). Both groups of the edible mushrooms had 
a similar amino acid profile with an adequate level of essential amino add 
(38.4-43.8 % and 36.9-50.2 %, respectively) that was above the FAO/WMO 
requirements. The major sugar constituent of both mushroom IDF and SDF was 
glucose followed by mannose, galactose and xylose, as well as low levels of 
glucosamine (only found in IDF) and uronic acids. 
Both the edible Pleurotus mushrooms and the other lesser-known ones had a low 
nitrogen solubility and their least gelation concentrations (LGC) were 8-14 % and 
8-20 %, respectively. P. ostreatus had a significantly higher water-holding capacity 
iv 
(WHC) than the rest of the edible Pleiirotus mushrooms and soybean flour . Both of 
the two mushroom groups had a significantly higher oil-holding capacity (OHC) than 
soybean flour. The emulsion activity (EA) of Pleurotus mushrooms (27.0-48.3 %) and 
other lesser-known ones (2.70-55.6 %) varied greatly. The most stable emulsion 
formed by X rugoso-annnlata (45.4 %) remained almost unchanged after heating. The 
highest foaming capacity (FC) was found in R plumonarius, P. adiposa and R 
ostreatm (64.0 %) which was comparable to that of soybean flour (65.0 %). 
The in vitro protein digestibility (IVPD) of the eight selected edible mushrooms 
{P. cUrinopileatus, P. eryngii van feruale, P. ostreatus, A. hisporns, A. blazei, P, 
adiposa, S. rugoso-anniilata and V. volvcicea) was significantly lower than that of 
soybean flour (p<0.05). The highest IVPD was found in A. blazei (74.0 %). The true 
protein digestibility (TPD) of the casein diet (92.8 %) was significantly higher than all 
of the eight selected edible mushrooms (p<0.05). Overall，proteins from R ostreatm, 
厂 cHriuopileaius and R eryngii van feruale were of a better quality to support growth 
and maintenance in terms of the body weight gain, protein efficiency ratio (PER), net 







的水份.側耳類（14.0-28.8 %)及其他稀少的食用真菌（9.40-27.3 %)具有頗高 










8-14 %及 8 - 2 0 %.與黃豆粉及其他的側耳類互相比較，平廷的保水性是最佳的 
(P<0.05).與黃豆粉互相比較，兩個組別的真菌同時具有較高的保油性.他們的 
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CHAPTER ONE: GENERAL INTRODUCTION 
1.1 GENERAL BACKGROUND OF MUSHROOMS 
Within the fungi kingdom, there are three phyla, namely Basidiomycota, 
/Vscoinycota and Zygomycota, and they are divided into classes and then orders. 
Within orders, fungi with similar traits are grouped into families and then genera, 
which link closely related species. Each of these subdivisions has its scientific (Latin) 
name. The name for individual species consists of the genus name followed by a 
specific (species) epithet (Laessoe, 1998). Figure 1.1 shows the classification of the 
various edible mushrooms being investigated in this project. 
Fungi are considered to be a lower form of plant life. There are one and a half 
million species of tiingi and 28,700 of them are macro fungi (fraitbody forming). 
Mushrooms are fungi that produce conspicuous fruitbodies. They are diverse in form, 
varying from the well-known cap and stem type to shelf-like and flat fruitbodies. 
Figure 1.2 shows a typical fmitbody of a mushroom. The cap shape of fniitbody can 
vary from convex, conical to honeycombed and the surface texture can change as the 
fmitbody matures. Gills on caps �n be deciiirent, adnate, notched, adnexeci free 
and sinuate notched when observed in section. While observing from beneath, gills 
can be equal, unequal，crowded, forked, widely spaced, joined to collar and radiating. 
Every fungus consists of hypkie hidden iii the substrate and they form into mycelia, 
which produce fruitbodies on the surface when conditions are favorable. Hymeniiim 
which is an area of fertile and spore-producing tissue, is often supported by a fleshy 
cap ill all fruitbodies. The veil protects all or parts of a young fmitbody. Its remains 
can be in scales, a stem ring. A volva can be seen on a mature fmitbody. Also，some 
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frutibodies have thick hyphal cords attaching them to the mycelium hidden within 
the substrate (Laess0e, 1998; Jordan, 1999). 
Fmitbodies produce and disperse sexual spores actively or passively for 
reproduction. Passive dispersal relies on animals, wind or water, while active 
discharge occurs when the fruitbody itself has a special mechanism that ejects or 
propels the spores when they reach maturity. Mushroom lifestyles can be 
niycorrhizaL saprotrophic, necrotropic and biotrophic. Mycorrhizal fungiis forms a 
close relationship with the tree that gives sugars while the fbngiis provide water and 
nutrients. Saprotrophic fungus secretes enzymes and degrades organic'materia Is that 
are converted into a readily available food sources for it (Rinker, 1995; Tshinyangu, 
1996; Dabboiir and Takrur, 2002). Necrotrophs live off but kill the living plants by 
toxins. Biotrophs' produce special hyphae that penetrate into the host cells and 
transport nutrients back to them (Laess0e, 1998; JordaiL 1999). 
1.2 PRODUCTION OF CULTIVATED EDIBLE MUSHROOMS 
The world production of cultivated edible and medicinal mushrooms in 
different years is shown in Table 1.1. The world production of cultivated mushrooms 
was estimated to be 6158.4 x 10^ tons in 1997. Overall the world mushroom 
production increased more than 12 % annually from 1981 to 1997. Production of 
Agaricus mushrooms decreased in the percentage of world total production from 
71.6 % in 1981 to 31.8 % in 1997，but the actual production of the mushroom 
increased more than two folds from 900 x 10 tons in 1981 to 1955.9 x 10 tons in 
1997. The gradual increase in the popularity of other mushrooms contributed to the 
change. The world production of Lentitms edodes increased from 14.3 % to 25.4 % 
(in terms of output from 180.0 x 103tons to 1564.4 x lO� tons) and Pleurotus spp 
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from 2.8 % to 14.2 % (in terms of output from 35.0 x 10^  tons to 875.6 x 10^  tons). 
Mote than ten new mushroom species such as Agahcus hlazei, R eryngii, A. 
aegerita, etc. have been cultivated in recent years on a small commercial scctle and 
have a great potential for expanding. The world production of cultivated edible and 
medicinal mushrooms by different countries in 1997 is shown in Table 1.2. Output 
yield of the ten major cultivated mushrooms made up 91.6 % of the total world 
production. The six most important mushrooms, Agahcus (31.8 %), Lent'mus (25.4 
%)，Pleurotus (14.2 %)，Auricidaria (7.90 %), Flmimulina (4.60 %) and Iblvcmella 
(3.0 %) contributed up to 86.9 %. Tremella was cultivated mainly in China and 
Hypsizygiis marmoreus and Grifola fi'ondosa in Japan. The total production in China 
in 1997 was 3918.3 x 10^  tons, which accounted for 63.6 % of the total world output. 
Hence, China has become a leading producer and consumer of cultivated edible 
mushrooms. Among all the mushrooms, L edocles was the leading cultivated 
mushroom in China with a production of 1397.0 x 10^  tons in 1997, which was 
equal to 35.6 % of the total mushroom production. 
1.3 CHEMICAL COMPOSITION AND NUTRITIONAL VALUES 
Although not common in all cultures, the gathering of fungi for eating is an 
ancient practice (Lajssoe, 1998). Mushrooms have been part of a normal human diet 
for thousands of year and the amounts consumed have risen greatly, involving a 
larger number of species (Mattila et al.，2001). Less than 25 species are widely 
accepted as food and only a few have attained the level of an item of commerce 
(Smith 1972). In more affluent countries, mushrooms are considered as a somewhat 
expensive type of vegetable thai are eaten almost entirely for their culinary 
properties and for providing a flavor and/or garish for other foods (Fiagg and Maw, 
3 
1977). Also, use of dried mushrooms during off-season is not uncommon (Longvah, 
1998). Currently, attention has been paid to the possibility of using mushrooms as a 
source of protein for human diets in undeveloped countries (Boras, 1996) as 
mushrooms are believed to be a healthy food that is low in calories and fat, but rich 
in protein, dietary fiber, vitamin and minerals (Aletor, 1995; Manzi, 2001). 
Moisture: The moisture content of mushrooms is usually more than 80 %. The 
moisture content of some flesh edible mushrooms is listed as follows: G. frondosa 
(86.1 %)’ P. osireatus (85.2-94.7 %), R eryngii ferulae (88.1 %)，• R plumonarius 
(87.7 %), L edodes (81.8-90 %), E velutipes (87.2-89.1 %), P. cystidious (86.7 %) 
and A hispoms (92.8-94.8 %) (Manzi etal., 1999 & 2001; Mauet al., 2001; Yang et 
al.，2001). However, moisture content is affected by the time of cropping, watering 
condition during cultivation，post-harvest period, temperature and relative humidity 
during growth (Bano and Rajarathnan, 1988). For dry mushrooms, the moisture 
content is low and generally less than 10 % (w/w). Moisture content fori), imiusiata 
(9.05 %) and S. commune (5.30 %) had been reported previously (Longvah, 1998; 
Mau et al., 2001; Chang et al., 2001). 
Protein: The crude protein content of edible mushrooms is usually high, but 
varies greatly and is affected by tactors such as mushroom types and stage of 
development (Longvah, 1998). Crude protein content (w/w) of some edible 
mushrooms is listed as follows: L edodes (15.2-23.0 %), S. commune (16.0-27.0 %)， 
7: gigcmteum (16.1 %)，R osireatus (19.9-34.7 %X R eryngii ferulae (23.2 %) and T. 
terreum (15.0 %) (Longvah, 1998; Manzi et a l , 1999; Diez and Alvarez: 2001). 
Chitin, a nitrogen-containing polysaccharide (glucosamine) of fungal cell walls, was 
found to be present in different amounts in various mushrooms (Manzi el al., 1999). 
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Amino acids: Essential amino acid content (g/100 g protein DW) ranged from 
34 % to 47 %. However, a previous report showed that essential amino acid levels 
could be as high as 61.8 % (T. portentosum) and 63.3 % (7： terreum) (Loiigvah, 
1995; Manzi et al., 1999). The protein of edible mushrooms is comparatively rich in 
glutamic acid (12.6-24.0 %), aspartic acid (9.10-12.1 %) and arginine (3.70-13.9 %) 
as shown in previous studies. The essential amino acid profiles, together with the 
FAOAVTIO requirement pattern (1991), are shown in Table 1.3. The essential amino 
acid profiles, relative to the FAO/WHO requirement pattern, revealed that proteins 
of the eight edible mushrooms are deficient in sulfur-containing amino acids 
including methionine (1.22-21.6 mg/g protein) and cysteine (15.7-19.1 rag/g 
protein). On the other hand, these edible mushrooms are comparatively rich in 
threonine (41.2-94.5 mg/g protein) and valine (35.8-88.7 mg/g protein). Also, it 
revealed that lysine, leucine, isoleucine and tryptophan are the limiting amino acids 
in some edible mushroom proteins reported previously (Cheung，1997; Manzi et al.’ 
1999; Diez and Alvarez, 2001). The free amino acid levels are found to be low and 
ranged from 7.14 to 12.3 mg/g of dry edible mushroom and glutamic acid (21.7-23.7 
%) and alanine (17.7-17.9 %) are predominant among the free amino adds (Manzi 
et al , 1999). Free amino acids, especially highly basic amino acids, contribute the 
flavor properties of mushrooms (Sugahara et al., 1975; Maga, 1981). A low level of 
other usual amino acids like y-amino butyric acid (GABA) (10.2-281 mg/i OOg dry-
weight) and ornithine (88.7-392 mg/lOOg dry weight) of some edible Pleurotus 
mushrooms had been reported (Manzi et al., 1999). The profiles of tree amino acids 
in nuislirooms were considerably different. The two major amino acids in 
mushrooms were found to be isoleucine and lysine (Man et al.，2001). Aspartic acid 
and glutamic acids are MSG-like components, which give the most typical 
mushroom taste, the umami taste or palatable taste that is the characteristic taste of 
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MSG and 5�-rmcleotides (Mau, et al., 2001). The content of MSG-like components 
in common mushrooms is relatively low and ranged from 22.7 to 47.1 mg/g DW 
(Tseng and Mau, 1999), 11.2-26.2 mg/g DW in K vohacea (Mau et a l , 1997)， 
10.9-11.9 mg/g DW in A. cylmdracea (Mau and Tseng，1998) and 3.75-9.06 mg/g 
DW in L edodes (Lin, 1988). The contents of sweet components (Ala+ Gly+ Ser+ 
Thr) are low and ranged from 0.36 to 8.71 mg/g DW. The bitter components (Arg+ 
His+ ne+ Leu+ Met+ Phe+ Trp+ Val) are high in level and ranged from 2.37 to 6.46 
mg/g DW. Additionally, bitterness from the bitter components could be 
unequivocally masked by sweet components and mainly total soluble sugars (Yang 
etal./200l;M£iuetal.,2001). 
Fat： Edible mushrooms generally contain a low level of lipid of less than 10 % 
DW. In some species, the lipid content could be as low as 2.0 % (L. edodes, S. 
commtme and P. ostreatus) (Longvah, 1998). The lipid contents of some other 
mushrooms are shown as follows: D. indusiata (2.98 %), 7： gigmteum (4.28 %), G. 
frondosa (3.10 %), L edodes (5.71-6.34 %)，L ulniarius (2.09 %), V homhycina 
(2.75 %) and T. terreum (6.60 %) (Yang et a l , 2001; Mau et a l , 2001). The 
polyunsaturated fatty acid levels are high with more than 75 % of the total fatty 
acids. Palmitic (19.2 %), oleic (8.3 %) and linoleic acids (68.8-84.0 %) accounted 
for most of the fatty acids in edible mushrooms (Cheung, 1997; Longvah^ 1998; 
Diez and Alvarez, 2001; Yang et a l , 2001). The high levels of linoleic acid in 
mushroom species are probably closely related to the flavor as this free fatly acid is 
the precursor of l-octen-3-ol which is known as the alcohol of fungi and is the 
principal aromatic compound in most fungi (Maga，1981). 
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Ash and minerals: Generally the ash content for mushrooms is low and ranged 
from 6 % to 10.9 % (Zakhaiy et al., 1983). The ash content of some edible 
mushrooiTLS is as follows: P. ostreatus (6.90 %), R eryngii ferulae (8.60 %)，L. 
edodes (5.27-5.85 %) and H. erinacetis (9.35 %) (Manzi et al , 1999; Mail et al.， 
2001). Being a good source of minerals, cultivated mushrooms contain 
macro-elements such as calcium, magnesium, sodium, potassium and phosphorus, as 
well as micro-elements such as copper，iron, manganese and zinc. Some common 
cultivated edible mushrooms including P. ostreatus, L edodes and A. bisporus are 
rich in potassium (2670-4730 mg/100 g DW) and are a good source of phosphorus 
(493-1390 mg/100 g DW), magensium (20-200 mg/100 g DW), zinc (4.70-9.20 
mg/100 g DW) and copper (0.52-3.50 mg/100 g DW), but low in sodium (130-420 
mg/100 g DW), calcium (1-25.0 mg/100 g DW), iron (2.80-12.30 mg/lOOg DW) and 
manganese (0.51-2.1 mg/100 g DW) (Zakhary et al., 1983; Verma et al., 1987; Vetter, 
1990; Shah et al., 1997). The levels of toxic heavy metals varied for cadmium 
(3.60-120 i^ g/lOO g DW) and selenium (3.90-320 |ig/100 g DW) (Bano and 
Rajarathnam, 1988; Vetter, 1994 & 1995; Mattila et al” 2001). Low levels of lead 
(2.0-18.0 |jig/lOO g DW) and mercury (0.09-0.13 mg/100 g DW) are observed. 
(Piepponen et al., 1983; Haldimann, 1995; Svoboda et al , 2002). 
Vttam 'ms: Cultivated mushrooms are good sources of several vitamins such as 
vitamin B2, niacin and folates with contents varying in the ranges 1.8-5.1, 31-65 and 
0.30-0.64 mg/100 g DW, respectively, but the contents are dependent on species. 
Vitamins B2 (riboflavin) content in mushrooms is higher than those generally found 
in vegetables. In A. bisporus varieties the content was as high as that foimd in egg 
and cheese (Mattila et al., 2001). The vitamin B2 content of some cultivated edible 
miLshrooms is as follows: P. ostreatus (2.27-8.97 mg/100 g DW), A�bisporus 
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(3.70-5.10 mg/lOO g DW) and L edodes (0.90-1.80 mg/100 g DW) (Crisan and 
Sand, 1978; Bono & Raiaratham，1986 & 1988; Miles and Chang, 1997; Mattila et 
al., 2001). Cultivated mushrooms were rich in niacin and its content varied from 
33.8-109 mg/100 g DW for E ostreatus, 11.9-98.5 mg/lOOg DW for L edodes and 
36.2-57.0 mg/100 g DW for A bisponts (Crisan and Sand 1978; Bano & 
RajaratliflHL 1986 & 1988; Miles and Chang, 1997). Mushrooms contain moderately 
high amounts of folates and its content was of the same magnitude as that generally 
found in vegetables and the bioavailability of folates was as good as that for folic 
acids (Clifford et al , 1991). The content of folates of some cultivated mushrooms 
are as follows: R ostreatus (640-1412 jig/lOO g DW), A. bisporiis (590-933 {^'100 
g DW) and L edodes (300 ^g/100 g DW) (Bano & Rajaratham, 1986 & 1988; 
Mattila et al.，2001). In addition to riboflavin, niacin and folates, cultivated 
mushrooms also -contain small amounts of vitamin C and vitamin Bi, as well as 
traces of vitamin Bi2 and D2. The variation in vitamin C content was high which 
ranged from 17,0 (/I bisporus) to 25.0 mg/100 g DW (L. edodes), and 36.4-144 
mg/IOO g DW for P. ostreatus and 40.4-59.9 mg/100 g DW for L edodes. (Li and 
Chang, 1985; Beelman and Eward, 1989; Kurzman, 1997). Vitamin Bi was quite 
low in content which ranged from 0.60 to 0.90 mg/lOOg DW, but was of the same 
magnitude as that generally found in vegetables. Traces of vitamin B12 (0.60-0.80 
lag/lOOg DW) were found in cultivated mushrooms (Walker, 1996). Vitamin D is 
also almost absent in cultivated mushrooms. However, Vitamin D2 contents in 
mushrooms depended on the cultivation conditions (Mattila，2001). Vitamin D2 
content in A hisporus (0.21 )xg/100 g DW) cultivated in the dark was lower than that 
of L edodes (22.0-110 )ig/100 g DW) that was cultivated under natural climatic 
condition. (Takamura et al.’ 1991). 
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Dietary fiber: Dietary fiber (DF) is a mixture of many complex organic 
substances. It was initially defined as remnants of plant cells resistant to hydrolysis 
by the alimentary enzymes of man and then later modified to include hemicelliiloses, 
celluloses, lignins, nondigestible oligosaccharides, pectins, gums and waxes 
(Southgate, 2001). Edible mushrooms have a large variation in the dietary fiber 
content. The total dietary fiber (TDF) content varies greatly among mushrooms of 
different species. Some previous reports have shown that content of TDF were low 
in some mushroom spp. (4.50 % DW in T. giganteum, 9.26 % DW in A indusiata, 
8.74 % DW in R cystkUoiis). However, a much higher TDF level was reveale4 from 
other studies. The TDF content (DW) of some edible mushrooms is shown as 
follows: T. portentosum (45.0 %), T Aerreum (50.0 %), A. auricula (49.7 %), T. 
fudfonnis (54.5 %), K homhycina (25.7 %), L uhneris (33.2 %) and P. 
citrinopileatus (35.6%) (Cheung, 1997; Diez and Alvarez, 2001). It is noted that 100 
g mushroom provides 9 to 40.0 % of the recommended dietary level to TDF (Manzi 
ct al . 2001). TDF in mushrooms is dominantly composed of insoluble dietary fiber 
(IDF) and a �ow level of soluble dietary fiber (SDF) of less than 10 %• Chitin, which 
is a straight-chain |3-(l-4)-liTikea polymer of N-acet\l-glucosamine of fiingal cell 
walls, contained about 5.90 % total nitrogen (0.34 % DW) in R ostreatus 
(Tshinyangii and Flennebert, 1996). CHher previous studies have shown that ftmgal 
chitins contained 6.0-6.30 % total nitrogen (Proskuriakov, 1926) and the chitin 
content o^ PleuroUis varied from 4.70 to 4.90 % DW (Yoshida et al., 1986). Chitin 
was found to account for 36.7- 85.7 % of the total nitrogen in TDF (Yoshida et al.’ 
1986). The content of p-glucans ranged from 0.21 to 0.53 g/1 OOg DW in mushrooms 
wUh 16.8-46.0 % in SDF and 53.9-83.2 % in IDF (Manzi and Pizzofemtto, 2000). A 
previous study showed that the neutral and amino sugars were the predominant 
components found in the TDF of A. bisporus (84.8%), A auricula (81 ‘4%), A. 
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fitcifomm (81.4%)，R sajor-caju (77.8 %) and L edodes (92.8-92.9 %) (Cheung, 
1996’ 1997 & 1998). Only a small amount ofuronic acids (2.10-12.6 % ofTDF) and 
Klason lignin (2.40-12.9 %) have been reported (Cheung, 1997 & 1998). Glucose 
(43.1-82.8 % of TDF) was the predominant sugar in most fungi and other sugars 
such as mannose, xylose, rhamnose, galactose and uronic acids in the TDF reflects 
that the major cell wall polysaccharides in most ftmgi are hemicelluloses such as 
p-glucan, glucuronoxylomarman, pectic substances and chitin (Cheung，1996 & 
1997). 
Carbohydrate: The carbohydrate content of edible mushrooms varies with 
different species and mnges from 35 % to 70 % DW. The carbohydrate content of 
some edible mushrooms is shown as follows: P. indusiata (67 % DW), G./wmiosa 
(58.8 % DW), T. giganteum (70 % DW), L edodes (62.3-64.4 % DW)，R cysticUous 
(63.1 % DW), S commune (61.1 % DW) and E ostreatus (61.1 % DW) (Mau et al., 
2001； Longwh, 1998; Diez and Alvarez, 2001). Edible mushrooms are believed to 
contain a high level of oligosaccharides with only a low level of total soluble sugar 
(182 mg/lOO g DW for T. porteniosun and 55 mg/lOO g DW for 7： ierreum) and 
glycogen (15.6 mg/100 g DW for T. portentosun and 10.6 mg/100 g DW for T. 
terreiim) (Diez and Alvarez, 2001). The profiles of soluble sugars are different with 
different mushroom species. Soluble sugars of arabitol (127 mg/g dw), glucose 
(4.91-39.4 mg/g DW), mannitol (9.36-50.9 mg/g DW), trehalose (9.71-341 mg/g 
DW) and inositol (1.43-3.20 mg/g DW) are found in edible mushrooms with 
mannitol and trehalose being the two major components in V. volvocea and R 
ostreatus. (Mmi et al , 1997; Bano and Rajarathnam, 1988). 
Energy: Energy content of edible mushrooms is generally low and can be 
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positively used in low-energy diets. Previous reports showed that the energy 
contents for some mushrooms are 3.02 kcal/g DW in T. robustm, 2.50 kcal/g DW in 
R atroumborata, 4.17-4.20 kcal/g DW in 儿 bisporus, 4.16-4.23 kcal/g DW in 
ostreatus and 4.20-4.27 kcal/g DW in Boletus group (Aletor, 1995; Manzi et al., 
2001). A serving of 100 g fresh edible mushrooms provides only 1.4-4.4 % of the 
daily requirement of energy for an adult man with moderate physical activity and 70 
kg in body weight (Lam, 1996). 
Other components: Mushrooms contain a very low level of phenolic 
compounds and the contents of flavonoids and lignans were under their limits of 
detection. (Mattila et al., 2001). The content of total 5 '-nucleotides is high with a 
range from 7.43 to 31.9 mg/g DW. Flavor 5'-nucleotides are found to be 
5'guanosine monophosphate (5'-GMP), S'-inosine monophosphate (5'-IMP) and 
5'-xantliosine monophosphate (5'-XMP) (Chen, 1986). Content of flavor 
5'-nucleotides in some common mushrooms is high and ranged from 0.62 to 13.6 
mg/g DW (Lin, 1988; Man, Lin et al., 1998; Tseng and Mau, 1999). 5'-GMP gives a 
meaty flavor and is a stronger flavor enhancer than MSG (Litchfield, 1967). The 
synergistic effects of flavor 5'-nucleotides with MSG-like components might greatly 
increase the tunamic taste of mushrooms (Yamguchi et aL 1971). The mushroom 
DNA levels (0.21-0.26 g/lOOg DW) are much lower than those of the RNA (Li and 
Chang, 1982; Cheung, 1997). The total nucleic acid content of mushrooms which 
ranges from 3.51 to 4.15% (Cheung，1997) is considered to be safe when the 
maximum daily dietary intake of 4 g of nucleic acid suggested by the Protein 
Advisory Gruiip of the United Nations System is adhered (PAG, 1970). Contents of 
phytic acid (160-360 mg/lOOg DW), phytic acid-phosphoras (50-600 mg/lOOg DW) 
and oxalate (80-220 mg/lOOg DW) in mushrooms are generally not higher than 
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those reported for cowpeas and soybeans (Aletor, 1995). Phytic acids can chelate 
certain mineral elements such as calcium, magnesiinn, iron and zinc and render their 
metabolic unavailability and interfer with basic residues of proteins to inhibit certain 
digestive enzymes (a-amylase, pepsin and pancreatin) activities (Huisman, 1991). 
However，the level of oxalate in edible mushrooms is quite low (80-220 mg/lOOg) 
compared with values of 2.30-5.80 g/lOOg reported earlier for some varieties of 
guinea com (Aletor, 1990). 
1.4 FUNCTIONAL PROPERTIES 
Previous studies have revealed that the addition of the flours and proteins of 
legume seeds, especially the soy protein, could generally improve the appearance, 
texture, viscosity and emulsifying and foaming properties, as well as the nutritional 
requirements (Aluko and Yada, 1995; Dzudie and Hardy, 1996). So, soy protein 
isolates and concentrates are used as emulsifier, whipping agent, stabilizer’ binder 
and conditioner in meat and sausages (Pomeranz, 1991). Investigations on the 
physical and chemical properties of flours and proteins before applying as food 
ingredients in food industry become significant. 
Swelling is the measurement of spontaneous uptake of water, which is the 
initial stage of subsequent dissolving process. The absorption process depends on 
the chemical conditions such as pH, temperature and ionic strength (Kabilis et al , 
1990: Kim et al., 1990; Katsaras and Reetz, 1994). Viscosity is related to the protein 
solubility and to the ratio of total-to-absorbed water (T/A). Excess tree water 
prevents internal friction between the solid particles. Viscosity increases with 
protein concentration due to the increase in intermolecular interactions. The 
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viscosity decreases with heat treatment due to gel formation that retain water after 
protein denaturation (Arrese et al., 1991; Kim et a l , 1993; Yaimgishi et al , 1995). 
Gelation depends on protein concentration, degrees of disulfide bonds (moe elastic 
and firmer gel)，pR the presence of salts in medium (hydrogen and ionic bonds), 
heating and treatment with urea and reducing agents (Yao et al.’ 1990; Kuhn and 
Foegeding, 1991; Smith and Rose, 1994). Emulsifying capacity involves formation 
and stabilization of fat emulsions. Emulsion capacity is an important property in 
food products. Food proteins such as soy protein have the ability to reduce the 
superficial tension of emulsion and hence decrease the coalescence of tat droplets. 
The mechanism of forming emulsion is related to the high electrical changes and 
hydrophilic -lipophilic groups existing in proteins that permit protein absorption at 
the interface between the dispersed fat phase and the continuous liquid phase， 
bringing about the-protein-lipid and protein-water interactions. Emulsion capacity is 
affected by protein concentration, pH and the presence of sodium sulfide, 
dithiothreitol (DTT) and sodium chloride. The emulsion capacity can be measured 
by conductivity, optical density of the dilution (Elizalde and Pilosof, 1991: Katsaras 
and Peetz, 1994; Lusas and Riez, 1995). Foaming capacity depends on temperature, 
pH, disulfide bonds of proteins and the presence of high-molecular-weight 
polysaccharides. The mechanism of stabilizing the foam is led by the retarding film 
drainage between walls of bubbles and the formation of a viscoelastic film around 
the bubbles, protecting them from breaking and ripping (Yu and Damockiran, 1991; 
Ahmed and Dickinson, 1991; Mao and Lee, 1993). 
The ckvdopment to use flours or proteins from oilier food resources such as 
edible muslirooms is a potential trend and it is interesting to study the functional 
properties aiid their changes during processing as this can seriously affect the food 
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quality. Also, the use of flours and proteins of some edible mushrooms in the 
formulation of new food products or as a replacement for more expensive animal 
proteins "in conventional foods should be the focus of various research efforts in the 
fixture. 
1.5 NUTRITION EVALUATION 
Proteins from different origins have different amino acid composition, 
digestibility and mouth-feel. Good quality proteins are readily digestible and contain 
sufticient essential amino acids that meet human biological needs. So, an accurate 
and precise ranking system to the relative efficiency of individual protein sources is 
important. Apart from comparing the amino acid content of a food witli human 
amino acid requirements, extensive evaluation of existing in vitro and in vivo 
methods for food have been conducted which indicated that the rat balance method 
is the most suitable practical method for predicting protein digestibility m humans 
(FAO/WHO, 1991; Bourif, 1991). The protein efficiency ratio (PER) and net protein 
ratio (NPR) methods have been used to measure the ability of a protein to support 
the growth in young and rapidly growing rats, respectively in many countries 
(Boutrif, 1991). As PER method cannot properly credit protein used for maintenance 
purposes, the Codex Committee on Vegetable Proteins (CCVP) has proposed and 
agreed that amino acid scoring corrected for true digestibility of protein (PDCAAS) 
was the most suitable routine method for assessing protein quality of most vegetable 
protein products and other food products (Codex Alimentarius Commission, 1989). 
This method has been extensively used for evaluating the protein quality from 
different sources (Boutrif, 1991; Dabbour and Takruri, 2002). However, it was 
suggested that PDCAAS method overestimated protein quality of protein sources， 
which may contain naturally occurring anti-nutritional factors and of poorly 
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digestible proteins supplemented with limiting amino acids in rats (Sanvar, 1996). 
In vitro methods are relatively rapid and involve only small amounts of raw 
materials (Ezquerra et al.，1997). Various tests such as multi-enzymatic digestions 
followed by measuring pH change and enzymatic pH-stat assays have been 
developed and extensively used to measure the in vitro protein digestibility (IVPD) 
values of different protein sources and to determine the protein quality of different 
foods. Although in vitro enzymatic procedures involving samples of both plant and 
animal proteins would yield only an approximate estimate of protein digestibility 
(Pedersen and Egguni, 1983), they are still extensively used. Previous reports 
revealed that IVPD values for some legumes were intermediate between animal 
proteins and cereal proteins. IVPD values are 68.7 % in P. vulgaris (Barampama and 
Simard, J 994), 69,3 % in P. angiilarius and 71.8 % 'm P. calcaratm (Chau, 1997), 
while it was 64.4-66.5 % and 60.4-60.6 % for vegetable peas and field pea, 
respectively (Bishiioi and RhetarpauL 1994). Higher IVPD values were observed 
from anchovy (82.1-83.1 %), deboned white fish (83.6-88.7 %) and soybean protein 
(81.4-85.9 %) (Ezquerra et al，1998). The IVPD values of edible mushrooms, T. 
portentosum and T terreum are 72.9 % and 73.2 %, respectively (Diez and Alvarez, 
2001) which are similar to that of legumes, but lower than most of protein from 
animal sources. 
The in vivo true protein digestibility (TPD) values for T, ckjveryi, P. ostreatus, T. 
ierrum and A inacrosporus were 61.4 %, 73.4 %, 52.6 % and 80.5 %, respectively 
(Dabboiir and Takniri, 2002). Similar findings were observed from S. commune 
(53.2 %) and L edodes (76.3 %) (Adewusi et al., 1993). These values were found to 
be comparable to some legumes of P. angulatis (70.1 %), P. calcaratus (75. 8 %)，D. 
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IMah (75.8 %) (Wong, 1998), P. vulgaris (72.4 %) (Carbonaro et al., 2000) and 
Pinto bean (72.6 %), but lower than animaJ protein sources of casein (98.6 %)’ 
tuna-fish (96.6 %) cheese (94.4 %), non-i^t dry milk (NFDM) (87.9 %) and cereal 
protein source of rolled oats (98.8 %) (McDonough et al, 1990). Based on the FAO 
(1991) requirement pattern for children, the chemical score for lysine (the limiting 
amino acid) iii T. claveM and T. temm were 0.71 and 0.67，respectively (Dabbour 
and Takniri, 2002) and this was in agreement with previous findings for T. claveryi 
(0.75) (Sawaya, 1985). The chemical scores for sulphur-containing amino acids in R 
ostreatus and jI macrospoms were 0.61 and 0.50, respectively (Dabbour and 
Takniri. 2002) and this was consistent with those reported for R ostremis and A. 
bisporus (Alofe, 1991; Dannel and Eaker, 1992). Other protein sources like legume 
were also found to have a low content of essential sulftir amino acids (methionine 
and cysteine) (Carbonaro et al., 2000). 
A recent study has shown that low food intakes of edible mushrooms in rats 
contributed the low body weight gains in the animals (Dabbour and Takrmi, 2002). 
Although a meager weight gain (0.11 g/rat/day) of rats fed with S. commime was 
observed, rats fed L. edodes diet group, however, had a significantly higher body 
weight gain (0.97 g/rat/day) (Adewiisi et a l , 1993). 
The net protein ratio (NPR) of mushrooms T. rohustns (0.80) and L edodes 
(1-70) (Adewusi et al., 1993) was significantly lower than that of legumes like P. 
angulahs (6.38) and D. lahlah (6.74) (Wong, 1998). It was also found that the 
protein efficiency ratio (PER) and net protein untilization (NPU) values of casein 
fed rats (3.55 and 78.5) were significantly higher than that of the mushroom diets of 
T. claveryi (-1.76 and 32.6), P. ostreatus (-0.23 and 38.5), T ternim (-0.98 and 29.1) 
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and A. rmcrmpoms (-0.41 and 31.5). A previous report also showed similar PER 
results in rats fed with dried mushrooms (Adewusi et a l , 1993). Higher PER values 
for legumes of F. angularis (2.41)，R calcaratus (5.03) and D.lablah (4.11) were 
observed (Wong, 1998). Similar NPU values for L edodes (45.8) and S�commune 
(23.7) had been reported (Ademisi et a l , 1993). The negative PER values indicate 
that the mushrooms failed to support the growth of rats although] their crude protein 
contents were high (Dabbour and Takniri, 2002). The presence of alkaloids and 
tatmins iti mushrooms has been reported to cause liver necrosis and tannins were 
known to retard gjowth by reducing digestion and absorption of amino acids and 
minerals (Ademisi et a l , 1993). Phenolic compounds that complex with protein 
decrease amino acid availability (DaDamio and Thompson, 1992). Lack of 
palatability of mushroom diets might have a negative effect on rat growth and on the 
protein quality of the test food (Sarware and McDonough, 1990). It has also been 
suggested that a higher requirement for sulphur-containing amino acids (methionine 
and cystine), liistidine, isoleucine, threonine and valine in rats would underestimate 
the protein quality of mushrooms as a human food (Boutrif, 1991; FAO, 1991). 
Although previous reports suggested that mushroom protein was nutritionally 
incomplete (Bano and Rajaranthaiim, 1988; Tshinyangu, 1996) and might not be 
able to support growth as effectively as animal proteins (Dabboiir and Takniri, 2002), 
a combination of cereal protein which supply adequate level of methionine and 
mushroom protein could provide a good balance of amino acids and is an ideal 
source of dietary proteins for human beings. 
1.6 EXPLOITATION OF NEWLY CULTIVATED EDIBLE MUSHROOMS 
In the year 2000, 15 cities in Asia alone have populations over 10 millions and 
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the world population is estimated to be more than 6 billions. Thus, population 
explosion has created the problems of food shortages in the developing countries in 
Asia, Africa and Latin America. Although scientific advancements in crop 
production have increased the yield of principal food crops，the impact of such 
increase is not apparent due to a greater increase in the population in these countries. 
So, protein problem has been reached to a critical stage and millions of people in 
many developing countries may face nutritional deficiencies (Salmikhe and Kadam, 
1989). Edible mushroom that is a good and inexpensive source of protein is 
therefore a leading candidate in relieving the problem of chronic protein deficiency. 
Mushrooms are recognized as a nutritious food and an importanl source of 
biologically active compounds of medicinal values. Mushrooms are rich in 
high-quality protein，contain a high level of dietary fiber, a high proportion of 
unsaturated fotty acids and an acceptably low level of nucleic acids to allow daily 
use as vegetable (Chang, 1999; Chang and Buswell, 1999). Some wildly grow edible 
mushrooms with great nutritional and medicinal potentials have been artificially 
cultivated in mass production by modem agricultural technology. The world 
production of cultivated mushrooms was estimated to be 6,158.4 x 10^  tons in 1997 
which increased more than 12 % annually from 1981 to 1997 (Table I), Also, more 
than ten new species of mushrooms that have been cultivated in recent years on a 
small scale and they will have a great potential for expansion in the future (Chang, 
1999). As the miisliroom consumption is increasing, together with the development 
in cultivation techniques, new data on the chemical composition and nutritional 
values of mushrooms are needed (Mattila, 2001). 
Eleven Pleurotus edible mushrooms (Table 1.4) and fifteen other lesser-known 
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edible mushrooms (Table 1.5)，developed and cultivated by the Sanming 
Mycological Institute in Sanming, Fujian, China, are relatively uncommon due to 
the limited scientific data on their chemical composition and nutritional values. So, 
airther studies on these newly cultivated edible mushrooms become important. Brief 
descriptions of these mushrooms are as follows: 
1.6.1 Edible Pleurotus mushrooms 
P. ahalones (figure L3a) Family of Polyporaceae; cap 5-20 cm wide, 
gxey-brovvn, thick, centrally concave, mai^in become dull-black when mature and 
with dry surfece; gills decurrent and grey-black; ilesh yellow and thick; stalks 5-8 
cm long, 1-3 cm thick, firm, thick, dense, white to grey-white, short and lateral; 
spores white, cylindrical, smoothu colorless and in size of 10.5-13.5 x 3.8-5.0 |.im; 
grow as clusters of singly on broadleaf trees or decay trucks; fruiting in summer; 
found ill Taiwan, Fuijan, etc in China (Mao, 2000). 
P. citrinopileatus (figure IJh) Family of Polyporaceae; cap 3-10 cm wide, 
triimpeted-shaped, straw-yellow to yellow with margin inrolled; flesh white, smooth; 
gills white to pale pink, decurrent and equal, taste good; stalks 2-10 cm long, 0.5-1.5 
cm wide, white, fimi; spores colorless, cylindrical, in size of 7.5-9.5 Lim x 2-4 \m\: 
grows as clusters or singly on broadleaf trees; fruitbody appears during autumn; 
found in Hong Kong, Guangdong, etc in China and east Asia,; edible and cultivable; 
may cure pulmonary emphysema and kidney diseases (Mao, 2000). 
E conmcopiae. (figure IJc) Family of Polyporaceae; cap trumpet-shaped, 
clustered, leather-brown with smooth siirtace; gills decurrent, join together to form a 
net： stalk off-white, fairly central and tinged with cap color; flesh white, with a 
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pleasant taste, floury and mealy odor, spores white and elongated ellipsoid, in size 
of 10 X 4.5 }im; cap 4-12 cm broad, stalk 1-5 cm long, 0.5 - 2.5 cm wide; grows as 
dense clusters on cut stumps of most deciduous tress, in particular elm, oak and 
beech, on hardwood trees and form a white rot; widespread but mainly in southern 
Europe; fruiting in clustered groups or singly; edible and appears from spring to late 
autumn; 80 % inhibition rate against sarcoma 180 and 70 % for Elirlich carinoma 
(Yinget al., 1989; Lasssoe, 1998). 
P. djamor (figure IJci) Family of Polyporaceae; cap 3-10.5 cm wide， 
shell-shaped, margin curved and inrolled; grey-red when young, pink then white; 
flesh pink and thick, gills decurrent and extended from the base, narrow and dense; 
stalks short or absent; spores pink，smooth, ellipsoid and in size of 6-10 x 4-6 }im; 
fruiting during summer and grows on broadleaf trees; found in Fujian, Guangdong, 
etc in China; edible and cultivable (Mao, 2000). 
R erymgii (figttre IJe) Family of Polyporaceae; cap 5-10 cm broad conchate 
to tlabellate, convex when young, surface dull, dry, finely tomentose to fibrillose, 
dingy white to cream-ocher, gray-brown when old, mai^in incurved to inrolled; 
flesh whitish, thick, firm, at times somewhat yellowing in age, mushroomy odor, 
taste mild and pleasant; stalk white when young, later yellow to orange-yellow; 3-4 
cm long, 0.3-0.5 thick, long-decurrent, may forked, with netlike anastomoses toward 
the base of the stipe, edges smooth to somewhat undulating; stipe eccentric to lateral, 
sometimes only rudimentary or entirely lacking, 2-4 x 1.5-2.5 cm, yellow-ocherish, 
solid; spores cylindrical-elliptic, smooth, hyaline, with drops and in size of 9-13.2 x 
4.3-5.7 ^m. (Mao, 2000) 
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R eryngii var.fentlae (figure 1.3J) Family of Polyporaceae; newly cultivated 
hybridization of 尸.eryngi and P. ferulae. 
R eryngii van nehrodensis (figure L3g) Family of Polyporaceae; newly cultivated 
hybridization o^R eryngi and P. nebrodensis. 
R nebrodensis (figure IJh) Family of Polyporaceae; cap 5-15 cm wide，flat to 
round shaped, base gradually inverted or flat, thick, white and smooth surfece; flesh 
white, thick; gills white and yellowish, decurrent, stalks 3-8 cm, 2-3 cm thick, white, 
lateral, gradually thin at the base; taste good; spores colorless, smooth, long ellipsoid 
or cylinclrically ellipsoid and in size of 9-13.5 x 4.5-5.5 ^ini, edible and cultivable; 
fruiting from spring to summer; grows as clusters or singly; found in Zhejiang, etc in 
China (Mao, 2000). 
R ostreatus. (figure L3i) Family of Polyporaceae; cap dark, grey blue to brown, 
more or less oyster-shaped, soft and with smooth surface; gills crowded, decurrent, 
broad, soft and cream; stalk white, firm, elastic, short, dry, stout and position at cap 
margin or absent; flesh white, firm, tough radially fibrous and with a pleasant taste, 
mild odor; spores pale grey-lilac to white, elongated ellipsoid and in size of 7-9.5 x 
3-3.5 隅 cap 6-20 cm broad stalk 0.5-4 cm long, 1-2 cm thick; rows on a wide 
range of dead or drying hardwood trees in large masses, on the stumps of ikllen trees, 
beech and elm; widespread in northern temperate zones; fruiting appears iii tiers and 
rows on hardwood trees; edible and appears from autuinn to winter; found in Taiwan, 
China, etc; claimed to cure limibage and painfiii legs, numbed limbs and discomfort 
in tendons and blood vessels, 75 % inhibition rate against sarcoma 180 in white 
mice and 60 % for Ehrlich carcinoma (Ying et al, 1989; Lsessoe, 1998; Jordan, 
1999). 
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p. plumonarim (figure Uj) Family of Polyporaceae; cap 4-8 cm wide， 
semi-circular, flat to kidney-shaped, grey-white to grey-yellow, margin curved and 
with smooth surtace; flesh white and taste good, thick at base, gills decurrent, 
unequal and dense; stalk short or absent; stem soft to firm; spores colorless, smooth, 
cylindrical and in size of 8.1-10.7 x 3-5.1 |jm; fruiting from summer to autumn; 
grows on broadleaf trees, dead and decay trees as clusters; found in Guangdong, 
Zhejiang, Hunan, etc in China; edible and cultivable (Mao, 2000). 
R sapkhis (figure l.Sk) Family of Polyporaceae; cap shelving, whitish to 
yellowish, ashy-gray to grayish-brown, broad, convex or depressed, often irregular, 
glabrous; gills whitish，decurrent, narrow and extending down the stalk; stalk short, 
stout, tomenlose, lateral or eccentric, whitish and several springing from a thickened 
knobs; flesh thick, white to brownish, excentric, regular convex, glabrous and with 
mild taste and odor; spores lilac or wine-colored in mass，elliptical and in size of 
10-11 X 4.5 |im; cap 2.5-20 broad, stalk 2.5-5 cm long; habitats found on logs and 
stumps of beech, birch or oak; cultivated in China, Indian, Greenbrier, etc; fruiting 
from July to October, summer to autumn (Mao, 2000). 
1.6.2 Other lesser-known edible mushrooms 
Agariciis hlazei (figure 1.31) Family of Agancaceae; cap 6-12 cm wide, 
semi-circular to tlat shaped, centrally concave, pale brown to grey brown scales; 
flesh white to pale yellow, thick, taste good; gills white to brown, dense; stalks 6-13 
cm, 2-3 cm thick, base enlarged; stem ring thin and with scales; spores smooth, 
wide-ellipsoid to oval and in size of 5.2-6.6 x 3.7-4.5 jam; fruiting during summer; 
grows as clusters on grass; found in Brazil, United States and China; edible and 
cultivable; can have Rinctions of anti-tumor, hypoglycemia (Mao，2000). 
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Agrocybe chaxinggu (figure 1.3m) Family of Bolbitiaceae; cap convex to flat， 
centrally inverted , brown, maroin pale brown; gills decurrent, brown to pale brown; 
flesh wHite and thick; stalks 4-12 cm long, firm, pale yellt wish ro +, o 
whit and thin; spores smooth, oval to epillisod; grow as clusters or singly on 
broadleaf trees; edible and cultivable; found in Fujian, Beijing’ etc in China (Mao, 
2000). 
Agrocyhe aegeriia. (figure IJn) Family of Bolbitiaceae; cap white, convex and 
smooth; gills adnate to slightly decurrent, pale grey-bro™； stem ring large, pendent 
and slightly streaked; veil remains at margin; pale, flesh strong mealy smell and 
taste; clay-brown spores in shape of ellipsoid with a pore and in size of 10 x 5.5 )im; 
cap 6-15 cm broad, stalk 8-15 cm long, 1-3 cm wide; grow on or inside dead or 
pollarded willows, and poplars, widespread in vvami northern temperate to 
subtropical zones; fruiting appears mostly in tufts but also singly; edible; widely 
cultivated and eaten in southern Europe and it appears from late spring to autumn 
(L«ss.0e, 1998). 
Coprinus comatus. (figure I.3o) Family of Coprinaccae; cap off-white to pink 
tinged, elongated or egg-shaped, broadly conical with scaly surtace and inky from 
margin;'gills inky, free and extremely crowded; white, asparagus-like, stalk tall and 
hollow with mid-point thin-nng stained with spores and base widens slightly; flesh 
mild and pleasant flavor; veil present or absent’ sometimes forming a persistent 
aiiniilus; black spores in shape of ellipsoid with a pore and in size of 12 x 8 pm; cap 
2-6 cm broad, stalk 10-35 cm iong, 1-2 cm thick; found in lawn and along roads, 
woodland paths, disturbed soil forest grasslands and commonly widespread in 
northern temperate zones; fruiting appears in large troops of fruitbodies; edible and 
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appears from summer to autumn; It is claimed to help digestion and is used for 
treatment of piles, 100 % inhibition rate against sarcoma 180 and 90 % for Ehrlich 
carcinotmi (Ying et al.，1989; Laesspe, 1998 and Jordan, 1999). 
Flammulina velutipes, (figure Up) Family of Tricholomataceae; cap 
orange-brown, convex to flat, with broad knob in pale yellow, incurved margin and 
with smooth surface, but greasy when wet; gills white to pale yellow^ adnexed, 
crowded; stalk velvety brown, yellowish to densely velvety above, bladdsh-brown 
below, solid and tough; flesh pale yellow and thin with a mild flavor; white, spores 
smootli, ellipsoid to cylindrical and in size of 7-8.5 x 4-6 拜；1-6 cm cap, stalk 2-7 
cm long, 0.3-1 cm wide; occurrence on living but sickly hardwood trees, deciduous 
logs particular elm. willow and poplar, fruiting as in dense clumps of fruitbodies; 
edible and appears from late autumn to spring; it is calimed to cure liver aliment and 
gastroenteric ulcers, 81.1 -100 % inhibition rate against sarcoma 180 in while mice 
and 80 % against Elirlich carinoma (Ving et al., 1989; Lessee, 1998) 
Grifolafrondosa. (figure l.Sq) Family of Polyporaceae; an annual thiilbocly with 
tongue-shaped brackets branching off a central stem, leathery with a wavy margin, 
grey^ uxinkle and streaky upper surface, brown when aging, up to 5 mm thick'， 
oir-white decurrent tube layer; flesh white and thick with musty smeii; spores 
broadly ellipsoid to near spherical and in size of 5.5 x 4 |im; bracket 2-6 cm x 2-7 
cm X 0.2-1 cm (long x broad x thick); found on oak, trucks and around stumps of 
broad]eaf trees and sweet chestnut; widespread in northern temperate zones, Sichuan, 
Giiangsi, etc in China, etc; fruiting appears as clusters of brackets branch off from a 
thicks central stem near the base of trees; edible and appears from summer to autumn. 
9g J o/o inhibition rate against Ehrlich cancer in white mice and 100 % for sarcoma 
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180 (Ying et a l , 1989; Laessoe, 1998; Jordan, 1999). 
Hehcium erimiceus (figure Ur) Family of Hydnaceae; a hedgehog “Breaded 
tooth”，5-20 cm long, unbranched, more cross, pendulous stufts，white and yellowish 
white to yellow-brownish; flesh white, elastic, tough and emarginated; spines 3.5-10 
cm long, white, crowded, straight, equal small, short and pendulous; stalk 
sometimes rudimentary; spore white, plain and subglobose and in size of 5.1-7.6 x 
5-7.6 jim; found on trucks of oak, beech and decay hardwood trees; fruiting from 
July to October; edible and widely cultivable in Japan, western Europe, northern 
America and China; claimed to inhibit sarcoma 180 growth, increase the body 
immunity, improve body weakness, diabetes, cure stomachache, oesophageal cancer 
(Mao, 2000). 
Hericium ramosum. (figure Us) Family of Hydnaceae; cap in 6.5-25 cm wide, 
6.5-20 cm tall; composed of a cluster of comb-like branches, smooth, white, 
becoming dull yellow with age; undersides of branches lined with spines (teeth), 
0.6-2.5 cm long; flesh thick, soft, white and watery, taste gotxi; stalk absent or 
rudimentary; spores colorless, smooth, ellipisod to spherical and in size of 4.5-7.4 x 
4.3-5.2 }im; fiiiiting from summer to autumn; grows as clusters hanging on decaying 
stumps and logs of hardwoods; edible and cultivable; may cure stomach ulcer, assist 
digestion, pulmonary emphysema and kidney weakness (Mao，2000). 
Hypsizigus martnoreus (figure 1.30 Family of Trichoiomataceae: cap 3-15 cm 
wide, flat to semi-circular, centrally convex, pale grey-white, with central streaks 
and smooth surtace; gills white, dense and unequal; stalks 3-11 cm long, wide 0.5-1 
cm, curve slightly, white, firm and with smooth surface; spores colorless, smooth, 
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broadly ellipisod and in size of 4-5.5 x 3.5-4.2 jam; fruiting from summer to autumn; 
grows as clusters on broadleaf trees and decay trucks; found in Sichuan, Shangzi, etc 
m China; edible and cultivable; claim to have anti-tumor effects (Mao, 2000). 
Lerniniis giganteus (figure LSu) Family of Schizophyllaceae; cap 5-23 cm 
wide, in tuft, trumpet-shaped, more broad, many imbricated layers, fleshy-pliant, 
coriaceous, date-brown; gills white-paJe yellow, dense, broad and short; flesh white, 
strong taste, but little bitter; stalk 5-18 cm long, 0.8-2.5 cm thick, white, circular, 
connato-branched from a common tuber; pores minutes, round, pallid and at length 
torn; spores colorless, smooth^ ellipisod and in size of 6.5-9.5 x 5-7.5 pm; fruiting 
from summer to autumn; grows as clusters or singly on decaying stumps, trucks and 
broadleaf trees; found in Guangdong, Hong Kong, Fuijan, etc; edible and cultivable 
CMao, 2000). 
Pholiota nameko. (figure 13v) Family of Strophariaceae; cap hemispherical 
to convex, yellowish brown，middle part reddish brown or tawny olive and with 
smooth surface; gills yellow, adnated, very crowded and unequal; stipe cylindrical, 
base enlarged, yellow and stiilfed; flesh light yellow; cap 3-10 cm broad, stalk 5-8 
cm long, 0.5-1.5 cm thick; spores siibelliptic, smooth and in size of 4-5 K 2.5-3 ILUII; 
grows on dcadwood of broadleaf trees; fruitbody edible and cultivable; claimed to 
have 86.5 % inhibition rate against sarcoma 180 (Ying et al., 1989). 
Pholiota adiposa (figitre I3w) Family of vStrophariaceae; cap 3-12 cm broad, 
convex to plane, very viscid, antimony yellow to tawny, large, ccntrdlly stalked, 
covered with brown scales that gradually dissolve into a slimy mucilage; gills 
adiiated, rather close, tliin, yellow to rusty brown; stipe stout, 4-10 cm long, 0.7 — 
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1.5 cm thick, solid, viscid, often curved, antimony yellow, scaly, glabrescent, 
amiulus, concolorous, floccose and evanescent; flesh white to light yellow, firm and 
odor agreeable; spores elliptic or oblong-elliptic, ferruginous, smooth, rusty brown 
with a size of 7-9 x 4-6 i^m; cystidia brown, clavate，not projecting 21-39 x 7-10 |.im; 
occur on tnmks of broadleaf trees, coniferous trees, on stumps and logs, dead trucks 
of deciduous trees in or near woods; fniitbody edible and cultivable; fruiting appears 
from September to October; claim to have 80-90 % inhibition rate against sarcoma 
180 ill white mice and Erhlich ascites tumoi; may prevent infections from 
Staphylococus, Pneumonia Bacillus and tubercle (Ying et al., 1989). 
Stropharia rugoso-anmilata. (figure L3x) Family of Strophariaceae; cap red to 
tan, from bell-shaped to convex and flat with smooth and dry surface; gills purplish 
grey and tairly crowded; stalk firm and off-white with cog-like structure on 
underside of ring and with widened or bulbous base; veil partial white, deeply 
wTinkled to segmented below; flesh white with a good taste; spores purplish 
grey-black and smooth in a shape of ellipsoid with a spore and in size of 11.5 x 8 |im; 
5-15 cm cap, stalk 10-15 cm long, 1-2 cm wide; occurrence in vvoodchip mulch, 
widespread in southern Europe, south America, Taiwan, Hong Kong, Yunen, etc in 
China; fruiting as abundant troops in woodchip mulch; fmitbody edible and 
cultivable; appears from spring and aiiiuimi; 70 % inhibition rate against sarcoma 
180 and Erhlich ascites tumor (Laessoe, 1998). 
LPK 15 (figure l.3y) Hybridization of L. edodes and P. femle (LPK 15). 
GK 16 (figure L3z) Hybridization of L. edodes and R ferule (GK 16). 
1.6.3 Three commonly known edible mushrooms (Table 1.6) 
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Volvariella volvacea (figure IJaa) Family of Pluteaceae; cap sub-canipanulate, 
later expanded, slightly umbonate, grey to grayish brown, deeper in center with 
radiate striae with dry surface; gills white and pink, close，broad, free and unequal, 
thick, stalk white or slightly yellowish，glabrous and solid; stipe sub-cyliiidrical; 
white and soft flesh but rather thick in the middle; spores smooth, pink and elliptic 
and in size of 6-8.4 x 4-5.6 fim; stalk 5-18 cm long, 0.8-15 cm thick; grow on rice 
straw stacks; edible and widely cultivated, found in Fujian, Sichuan, etc in China, 
Taiwan, Japan; fruiting from spring to autumn; claim to promote immunity，prevent 
scurvy, joint pain and inhibit tumor cell growth (Ying et a l , 1989). 
Agaricus bisporus. (figure 1.3ah) Family of Agaricaceae; cap white to dark brown, 
convex to flat with smooth, dry surface and flalcy brown scales; gills pink, very 
crowded and free, chocolate brown when mature; stalk white, thick with ring turns 
upw ards when young; veil remains at margin; white flesh stains very slightiy red and 
with a distinct mushroomy smell; spores smooth, chocolate-brown, broadly ellipsoid 
and in size of 6-8 x 5-6 )am; 5-10 cm cap, stalk 3-6 cm long, 1-2 cm thick; found on 
roadsides, in cemeteries, soil, compost heaps, grow in groups on rich soil, 
widespread throughout northern temperate zones; fruiting appears m troops and tairy 
rings; rriiitbody edible and extensively cultivated; il appears from late simuiier to 
autumn. It contains trypsin, maltase, proteolytic enzyme that cure indigestion, 
claimed to treat hypertension and increase lactation. Also, it has a 90 % inhibition 
rate against sarcoma 180 in white mice (Ying et al.，1989, Jordan, 1999). 
Lentinus edodes. (figure I.Sac) Family of Schizophyllaceae; cap faw color to 
ochraceous tawny, convex, then plane with scales; white, crowded, gills adnexed, 
stipe centric to eccentric, white, solid curved; ring narrow and fugacious; flesh thick 
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and white with agreeable odor; spores nyaline，smooth, elliptic and in size of 4.5-5 x 
2-2.5 }im; cap 5-12 cm broad, stalk 3-5 to 9 cm long，0.5-0.9 cm thick; can be found 
on falleii wood or broadleaf forest during winter and spring seasons, most are under 
artificial cultivation; found in Taiwan, Fuiian, Guangdong, etc in China ； fruitbody 
edible; claimed to prevent rickets, mucositis, dermatitis, cirrhosis of liven vascular 
sclerosis and inhibit 80 % and 97.5 % cell growth against sarcoma 180 and Erhlich 

























































































































































































































































































































































































































































1.2: A typical fruitbody of an edible mushroom. 
j T ^ XN Flesh 
1 I \ Gills (Lameliae) 
/ H a • 
c^^^！ ： •： L-^ Stem Ring ( Remains of veil) 
1 : Stalk 
I"卜-“ 
Sf ‘ ； 麵 Volva 
j 广 二 ； 
1 ； -
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Pleurotus mushrooms (Dry) 
•國 
Figure 1.3a; Pleurotus abalones (Pab) Figure 1.3b; Pleurotus citrinopileatus (Pci) 
鮑魚瑶 [>3.5— 榆黃蘑（合頂側耳）[-S-ScnH 
Figure 1.3c; Pleurotus cornucopiae (Pco) Figure 1.3d; Pleurotus djamor (Pd) 
黃白側耳（小平链）h3.5cnH 紅平薛 f4cnH 
Figure 1.3e; Pleurotus eryngii (Pe) Figure 1.3f: Pleurotus eryngii van ferulae (PevJ) 
剌序側耳（杏鮑链)F3.5cnH 阿魏側耳（阿麵） 卜3cnH 
32 
• • 
Figure 1.3g: Pleurotus eryngii var. Figure 1.3h: Pleurotus nebrodensis(Pne) 
nebrodensis (Pevn) |-3cm-| 白靈 |-3cm-| 
阿 魏 側 耳 ( m m m ) 
Figure 1.3i; Pleurotus ostreatus (Po) Figure 1.3j; Pleurotus plumonarius (Pp) 
平链（秀珍链） |-2.5cmH 鳳尾链（印度平链）|"3cnH 
Figure 1.3k: Pleurotus sapidtis (Ps) 
美味側耳（紫孢平链）|-2cm^ 
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Other lesser-known edible mushrooms (Dry) 
Figure 1.31: Agaricus blazei (Ab) Figure 1.3m: Agrocybe chaxinggii (Ac) 
巴西蘑瑶（姬松茸）卜3.5cnH 茶薪链（茶樹薛卜2.5— 
省 
• • • • H H H I 
Figure 1.3n: Agrocybe aegerita (Aa) Figure 1.3o: Coprinus comatus (Cc) 
楊樹链（柳松薛）h3.5cnH 毛頭鬼傘（雞腿蘑）卜2cnH 
Figure 1.3p: Flammulina velutipes (Fv) Figure 1.3q: Grifola frondosa (Gfi 
金針链（金針蘑）|-3cm^ 灰樹花（栗蘑）|_3.5cnH 
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Figure 1.3r: Hericium erinaceus (He) Figure 1.3s: Hericium ramosum (Hr) 
猴頭菌（猴頭链）卜3cnH 分枝猴頭菌（菜花瑶）KcnH 
• • 
Figure 1.3t: Hypsizigus marmoreus (Hm) Figure 1.3u: Lentinus giganteus (Lg) 
真姬薛（海鮮链）卜2.5一 大斗链（巨大香链）h2.5cnH 
圓 i i i ^ ^^B 
Figure 1.3v: Pholiota nameko (Pn) Figure 1.3w: Pholiota adipose (Pa) 
m m (珍珠链）K-sciH 難（金柳薛） | " 3 c i H 
35 
mm ^m 
Figure 1.3x: Stropharia rugoso-annulata (Sra) Figure 1.3y: LPK 15 |4.5cnH 
破環球蓋链（大球蓋链）卜2cnH 
Three commonly known edible mushrooms 
(Freeze-dry) 
Figure 1.3z: GK16 |-3cm-| Figure 1.3aa: Volvariella vohacea 
草链（杆链） 卜2cnH 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER TWO: PROXIMATE COMPOSITION OF EDIBLE PLEUROTUS 
MUSHROOMS AND OTHER LESSER-KNOWN EDIBLE MUSHROOMS 
2.1 INTRODUCTION 
Population growth has created the problems of food shortages in both 
developing and developed countries and continuous searching for more nutritious 
foods to meet the need is critical (Salunkhe and Kadam, 1989). The world total 
production of cultivated edible mushrooms has increased (Chang, 1999). Beside 
some well-known edible mushrooms like L edodes, there is a gradual increase in the 
popularity of other recently cultivated new mushroom species that have a great 
potential to be expanded (Chang, 1999; Chang and Buswell, 1999). The possibility 
to use mushrooms as an alternative source of protein for human diet in undeveloped 
countries has been explored (Boras, 1996). It is believed that edible mushrooms 
have high-quality protein, low in fat，but rich in dietary fiber, vitamins (B2, niacin 
and folate) and minerals (potassium and phosphorus) (Aietor, 1995; Mile and Chang, 
1997; Manzi et al, 2001; Mattila et aL 2001). Exploration and utilization of some 
lesser-known edible mushrooms that are recently cultivated as a potential protein 
source for human require knowledge about their chemical composition, which are � 
very limited in the literature. 
Our objectives in this chapter are to investigate the chemical composition 
including crude protein, crude lipid, ash, minerals, amino acid profiles, total dietary 
fiber (insoluble and soluble dietary fiber) and monosaccharide composition of 
eleven Pleurott4S mushrooms (Table 1.4) and fifteen lesser-known edible mushrooms 
(Table 1.5), in compansion to three commonly known edible mushrooms, L edodes, 
A. bisporus and V volvocea (Table 1.6) in order to have a better understanding of 
their nutritional values. 
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2.2 MATERIALS AND METHODS 
2.2.1 Sample preparation 
2.2.1.1 Dry mushrooms. Dry mushroom samples (Tables 1.4 and 1.5，except R 
ostreatus, A. chaxinggu and C. comatus) cultivated in the Sanming Mycological 
Institute in Fujian, China were manually cleaned to remove debris, soil and dusts. 
Cleaned mushrooms were pulverized in a cyclotec mill (Tecator, Hoganas, Sweden) 
to pass through a size of 0.5 mm screen. The mushroom powders were stored in 
air-tight plastic bags in desiccators until use. 
2.2.1.2 Fresh mushrooms. Fresh mushroom samples (Table 1.6 and R ostreatus’ 
A. chaxinggu and C. comatus ) purchased from local markets were manually cleaned 
to remove soil and debris. Cleaned mushrooms were freeze-dried and grounded to 
0.5 mm in size. The grinded mushroom powders were stored in air-tight plastic bags 
in desiccators until use. 
2.2.2 Analysis of chemical composition of mushrooms 
2.2.2.1 Moisture content Using an infrared moisture analyzer (Mettler 
LJ16, Greifensee, Switzerland), about one gram of mushroom powder was evenly 
distributed on an aluminum trav and dried at 120 °C. The moisture content of the 
sample was reported and printed in every 30 seconds until two identical readings 
were obtained consecutively. The last reading was accepted to be the moisture 
content of the sample and was expressed as percentage of sample dry weight (DW). 
2.2.2.2 Crude protein content The Official Methods of Analysis (955.04) 
(AOAC, 1995) with some modifications was used About 0.5 g of the mushroom 
sample was digested with 12.5 ml concentrated sulfuric acid at 420 for about two 
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hours. After cooling, the sanq^le was diluted with 75 ml distilled water and the 
solution was distilled with 10 M sodium hydroxide solution. Ammonia released was 
collected with 2 % boric acid solution and then titrated with standardized 0.1 M 
hydrochloric acid. The total nitrogen content of the mushroom was calculated by the 
formula shown as below. The crude protein content was obtained by multiplying the 
total nitrogen content with a conversion factor of 4.38 assuming 70% of nitrogen is 
proteinous (Chang and Miles, 1989) and expressed as percentage of sample DW. 
% Total nitrogen content = (V x M x m)/ wt * 100 % 
‘ % Crude protein content = % total nitrogen content x 4.38 
where V was the volume (ml) of HCl used; M was the molarity of HCl used; m was 
the molar mass of nitrogen and wt was the sample diy weight (g). 
2.2.2.3 Crude lipid content The Official Methods of Analysis (963.13) 
(AOAC, 1995) with some modifications was used. About 5 g of the mushroom 
sample was placed inside a fet-free thimble and covered by some defatted cotton 
wool. The thimble was then placed in a Soxhlet apparatus (Tecator, Hoganas, 
Sweden) with a circulating oil bath preheated to 120 °C. A pre-weighed aluminum 
cup, which contained 50 ml petroleum ether as the extracting solvent，was placed in 
the apparatus as well. During lipid extraction, the thimble was immersed in boiling 
petroleum ether at 120 for 60 minutes. Then, the thimble was set at a position 
above the solvent and rinsed by the condensed solvent for one hour in order to 
extract as much lipid as possible. After direct desolventization in the apparatus, the 
dried aluminum cup containing the residual oil was further dried in an 80 °C oven 
overnight. After cooling in a desiccator, the amount of the residual oil (crude lipid) 
in the cup was determined gravimetrically and expressed as % of sample DW. 
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2.2.2.4 Ash content According to the Official Methods of Analysis (4.1.10) 
(AOAC, 1995)，about one gram of the mushroom sample was weighed into a 
pre-wei曲ed porcelain crucible and combusted in a 550 °C muffle furnace overnight. 
After being cooled in a desiccator, the amount of the ash residue in the crucible was 
calculated by weight difference and expressed as percentage of sample DW, 
2.2.2.5 Mineral Content 
2.2.2.5.1 Potassium, sodium, magnesium, calcium, iron, copper, zinc and 
manganese. The method of Demirl^§ (1996) with some modifications was 
used. About 0.2 - 0.4 g mushroom sample was placed into a boiling tube and 
digested using a mixture (12 ml) of concentrated HNOs and concentrated H2SO4 (2: 1 
v/v). The boiling tube was covered with a funnel and placed on a digester for 
hydrolysis. Within the first two hours of hydrolysis, the temperature of heating was 
set at 75 X .^ The digest was again heated up to 150 X^  for four hours until a clear 
solution was obtained. The clear hydrolysate was cooled down and filtered into a 25 
ml volumetric flask. Finally, the filtered hydrolysate was diluted to 25 ml with 
demineralized water. The content of minerals was then measured with an Atomic 
Absorption Spectrophotometer (Hitachi Z-1800, Tokyo, Japan). The calibration 
curve of each mineral was prepared by serial dilution of each corresponding mineral 
stock solution (iOOO ppm) (BHD, England, UK). 
2.2.2.5.2 Mercury, lead, arsenic, selenium and cadimum. The sample 
prepared from 2.2.2.5.1 was used to determine the contents of the heavy metals with 
an Inductively Coupled Plasma (ICP) spectrophotometer (Thermal Jewell Ash Atom 
Scan 16 ICP). Argon (high purity) was used as the plasma gas. The ICP conditions 
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were set as follows: l.ICAP source: 2 kw crystal controlled RF generator operating 
at 27.12 MHz; 2.The standard quartz torch: three concentric quartz tubes connected 
to a ceramic base, operating at maximum Argon flow (14 L/min) and RF power 
(1750 w); 3. Monochromator: three quarter meter crossed (Zemy-Tumer 
monochromator) evacuated and purged with Nitrogen or Argon at 0.2 L/min; 
4.optics purge gas nitrogen of 0.3-0.5 L/min. The calibration curve of each heavy 
metal was prepared by serial dilution of each corresponding heavy metal stock 
solution (lOOOppm) (BHD, England, UK). ‘ 
2.2.2.6 Carbohydrate content The content of carbohydrate in % DW of the 
mushroom sample was calculated by subtracting the moisture content and % DW of 
crude protein, crude lipid, total dietary fiber (insoluble and soluble dietary fibers) 
and ash from 100%. 
2.2.2.7 Amino acid analysis 
2.2.2.7.1 Amino acids excluding cystine, methionine and tryptophan. The “ 
amino acid content of mushroom sample was determined according to the Official 
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Methods of Analysis (AOAC, 1995) with some modifications. About 1 g of 
mushroom sample was dried in a vacuum desiccator overnight. About 5 mg dried 
mushroom was then weighed into a 2 ml multi-twist ampoule into which 0,5 ml 6 N 
hydrochloric acid-phenol (1 mg phenol/ml of 6 N HCl) was pipetted. The mixture in 
the ampoule was vortex-mixed. After flushing nitrogen gas into the ampoule for 30 
seconds, the cap was tightly screwed. The sample was hydrolyzed in an oven preset 
at 110 °C for 24 hours. At the end of the hydrolysis, the ampoules were removed 
from the oven and cooled down to room temperature. DL-norleucine (8.2 pJ, 30.5 
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jimole/iTil of distilled water) (Sigma N-8513) was added as an internal standard at 
the level of 0.25 fimole. The acid hydrolysate in the ampoule was evaporated to 
dryness for 2 hours using a Speed vac concentrator. The dried residue in the ampoule 
was dissolved completely using 2 ml sodium citrate buffer (Beckman A303084, 
California, USA). The sample solution was filtered with a 0.45 [im Nylon Acrodisc 
syringe filter (Gelman Science，Northampton, UK). The amino acid profiles in the 
filtrate were analyzed with an Amino Acid Analyzer using a HPLC system 
(Beckman 6300, California, USA). The levels of amino acid in the sample were 
calibrated by norleucine and a mixture of standard amino acid solution (Sigma AA-
S-18), which contained 0.25 jimole for each amino acid. The amounts of amino 
acids were expressed as mg/g protein and mg/g of mushroom sample DW, 
respectively. 
2.2.2.7.2 Cystine and methionine. The cystine and methionine contents of 
mushroom samples were determined according to the Official Methods of Analysis 
(AOAC, 1995) with some modifications. About 1 g of mushroom sample was dried 
in a vacuum desiccator overnight. About 5 mg dried mushroom sample and 0.5 ml 
performic acid were added into a 2ml multi-twist ampoule that was sealed and 
stirred for 15 minutes. The mixture in the ampoule was allowed to oxidize for 10 
hours at 0 °C. About 84 mg sodium metabisulfite was added into the ampoule to 
decompose excess performic acid followed by 0.5 ml 6 N hydrochloric acid-phenol 
(1 mg phenol/ml of 6 N HCl). The mixture in the ampoule was vortex-mixed. After 
flushing nitrogen gas into the ampoule for 30 seconds，the cap was tightly screwed. 
The sample was hydrolyzed in an oven preset at 110 °C for 24 hours. At the end of 
hydrolysis, the ampoules were removed from the oven and cooled down to room 
temperature. DL-norleucine (8.2 jal, 30.5 },imole/mI of distilled water) (Sigma 
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N-8513) was added and norleucine was used as an internal standard at the level of 
0.25 jamole. The acid hydrolysate in the ampoule was evaporated to about 0.05 ml 
using a Speedvac concentrator. The remained residue in the ampoule was dissolved 
completely using 2 ml sodium citrate buffer (Beckman A303084, California, USA). 
The sample solution was filtered with a 0.45 |im Nylon Acrodisc syringe filter 
(Gelman Science，Northampton^ UK). The cystine and methionine contents in the 
filtrate were determined by an Amino Acid Analyzer using a HPLC system 
(Beckman 6300, California, USA). The contents of cystine and methionine in the 
sample were calibrated by 0.25 fimole cysteic acid (Sigma C-7630) and 0.25 luxiole 
methionine siilfone (Sigma M-0876), respectively. 
* Performic acid: one ml 33 % hydrogen peroxide and 9 ml 88 % formic acid were 
mixed and stood at room temperature for an hour. Then, the mixture was cooled to 4 
�C in an ice bath before use. 
2.2.2.8 Dietorv fiber content 
2.2.2.8.1 Insoluble dietary fiber (IDF). The mushroom IDF was prepared 
according to the modified Official Methods of Analysis (991.43) (AOAQ 1995). 
About one gram mushroom was added into 50 ml 0.05 M Mes-Tris buffer (pH 8.2) 
solution followed by 100 fxl heat-stable a-amylase (Sigma A-33()6) and the mixture 
was incubated at 95-100 °C for 15 minutes. After cooling to room temperature, 100 
Lil protease (Sigma P- 3910) (5 mg/0.1 ml) was then added to the mixture and 
incubated at 6 0 � C for 30 minutes with continuous shaking. The pH of the mixture 
was adjusted to 4.0-4.7 by 0.325 M HCl at 60 °C. Amyiogiucosickise solution 
(100,111), from Aspergillus niger (Sigma A -9913), was added to the acidic mixture 
and it was incubated at 60 for iiirther 30 minutes with continuous shaking. The 
enzyme digestate then was centrifliged at 4800 ipm for 10 minutes. The supernatant 
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was pipetted out for the determination of soluble dietary fiber in Section 2.2.2.8.2. 
The residue was washed with 10 ml distilled water, 15 ml 78 % ethanol, 95 % 
ethanol and acetone twice. Then, the residue was dried at 105 °C overnight. 
Following the same procedure mentioned above, a reagent blank was prepared 
without any sample added. The weight of IDF (g) in the sample was corrected for its 
residual protein (g) and ash (g) as well as the reagent blank (g). The formula for 
calculating the IDF content was shown as below and the IDF content was expressed 
as percentage of sample DW. 
Reagent blank (g) = blank residue - blank protein - blank ash 
IDF (%) = (IDF - residual protein — residual ash - reagent blank) x 100 % 
Sample DW 
2.2.2.8.2 Soluble dietary fiber (SDF). The Official Methods of Analysis 
(991.43) (AOAC, 1995) with some modifications was used. The supernatant 
obtained from Section 2.2.2.7.1 was mixed with four volume of 95% ethanol and 
kept at room temperature overnight for precipitation of SDF. After centrifuged al 
4800 rpin for 5 minutes, the pellet was washed with 15 ml 95 % ethanol, 78 % 
ethanol and acetone twice. The washed residue was dried at 105 °C oven overnight, 
llie weight of SDF (g) in the sample was corrected for its residual protein (g) and 
ash (g) as well as the reagent blank (g). The formula for calculating the SDF content 
was shown as below and the SDF content was expressed as percentage of sample 
DW. 
Reagent blank (g) 二 blank residue — blank protein — blank ash 
SDF (%) = ( SDF - residual protein - residual ash - reagent blank) x 100 % 
Sample DW 
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2.2.2.9 Monosaccharide profile of dietaiy fiber. The DDF and SDF fractions 
of the mushroom samples obtained by the AO AC method were further characterized 
for their sugar profiles by the Englyst's procedure (Englyst et al., 1994) 
2.2.2.9.1 Acid deploymerization. About 13 mg IDF or SDF obtained 
from Section 2.2.2.7.1 or 2.2.2.7.2 were hydrolyzed with 0.7 ml 12 M sulftiric acid 
at 35 °C for 60 minutes in screw-cap test tubes with continuous stirring. The mixture 
was then diluted to 2 M by the addition of 3.5 ml distilled water and heated in a 
boiling water bath for 60 minutes with continuous shaking. The hydrolysate was 
cooled to room temperature. 
2.2.2.9.2 Derivatization. (a) Reduction. Three ml of hydrolysate was 
transferred into a test tube into which 1 ml internal standard allose (1 mg/ml) was 
added. To the mixture, 1.25 ml 12 M ammonia was added and vortex-mixed. More 
ammonia would be added if the pH of the mixture was acidic. The mixture was 
further mixed with 5 octan-l-ol and 0.2 ml sodium borohydride (freshly prepared, 
200 mg/ml 2 M ammonia solution) and incubated at 40 °C for 30 minutes. Glacial 
acetic acid (0.4 ml) was added with vortex-mixing to decompose excess sodium 
borohydrate. (b) Acetylation. The reduced mixture (0.2 ml) was mixed with 0.3 ml 
1 -methyl-imidazole and 2.0 ml acetic anhydride in a test tube. The combined 
mixture was vortex-mixed and left at room temperature for 10 minutes. Five 
millilitres of distilled water was then added to decompose the excess acetic 
anhydride. After cooling, 1 ml dichloromethane was added to the mixture with 
vortex-mixing and it was allowed to stand for 10 minutes for phase separation. The 
top aqueous layer was removed by pipetting and the bottom layer was washed with 
distilled water. The filial bottom organic layer was dried with anhydrous sodium 
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sulfate. The sample was transferred into a vial and stored at -20 The hydrolyzed 
neutral sugars in the sample were quantified by gas-liquid chromatography in 
Section 2.2.2.9.3. . 
2.2.2.9.3 Determination of neutral and amino sugars by gas 
chromatograph (GC). The neutral and amino sugars in the sample obtained from 
Section 2.2.2.9.2 were quantified as alditol acetates by GC (Hewlett-Packard 6890， 
USA) using a flame ionization detector (FID). Helium was used as the carrier gas. 
The GC conditions were set as follows: a capillary column (J & W DB225; 15 m in 
length, 0.25 mm ID and 0.25 }im thickness) was used; oven temperature was raised 
from 180 °C (initial) to 220 °C (final) at a rate of 2 °C/min; the final temperature 
was held for 10 minutes, injector and detector temperatures were both at 220 gas 
flow rate at 1.5 ml/min (carrier), 45.0 ml/min (hydrogen), 450 ml/min (air); and a 
split ratio at 20:1. Monosaccharide calibration was made with fiicose, rhanmose, 
arabinose, xylose, mannose, galactose, glucose, galactosamine, glucosamine (each at 
2 mg/ml distilled water) and allose (1 mg/ml distilled water). 
llie response factor (RF) to the FID for each monsaccharide was calculated as 
follows: 
RF 二 (Ps X Wm)/(Pm x Ws) 
where Pm and Ps were the peak areas for individual monosaccharide and the internal 
standard, respectively; Wm was the weight (mg) of monosaccharide/ml of distilled 
water; Ws was the weight (mg) of the internal standard/ml of distilled water. 
The amount of sugar (%) was calculated as follows: 
Sugar (%) = (Pm x Ws x 0.89 x RF)/(Ps x S) x 100% 
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where Pm and Ps were the peak areas for individual monosaccharide in the sample 
and the internal standard, respectively; Ws was the weight (mg) of the internal 
standard/ml of distilled water; S was the sample dry weight (mg); 0.89 was the scale 
factor for converting the values of monosaccharide into polysaccharide. 
2.2.2.10 Uronic acid content The Official Methods of Analysis (45.4.11) 
(AOAC, 1995) with some modifications was used. Acid hydrolysate (0.3 mi from 
Section 2.2.2.9.1) was mixed with 0.3 ml sodium chloride/boric acid solution (2 g 
sodium chloride and 3 g boric acid in 100 ml distilled water). Five millilitres of 
concentrated siilliiric acid was added to the mixture that was then kept at 7 0 � C for 
40 minutes. After cooling to room temperature, 0.2 ml dimethylphenol solution (0.1 
g 3,5-dimethylphenol in 100 ml glacial acetic acid) was added to the mixture and it 
was allowed to stand for 10 minutes. A blank (2 M sulfuric acid) and standards 
(galactiironic acid, 0-100 }ig/mi) were used for calibration. The absorbance of the 
sample at 400 nm and 450 ran against the blank was measured by a 
spectrophotometer (Spectronic � Genesys™ 5, USA). The reading at 400 nm was 
substracted from 450 nm to correct for the interferences from hexoses. The amount 
of uronic acids in the sample was calculated as follows: 
Uronic acid (%) = (Vs x U x 0.89 x DF)/Ws x 100 % 
where Vs was the volume of hydrolysate (ml) used; U was the concentration of 
uronic acid ()ig/ml); DF was the dilution factor, if any; Ws was the sample dry 
weight of IDF or SDF (|j.g); 0.89 was the scale factor for converting the values of 
monosaccharride into polysaccharide. “ 
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2.2.2.11 Energy content. The energy content of the mushroom sample was 
calculated by the formula shown below and expressed as kcalories per 100 gram 
sample DW. 
Total energy content (kcal/100 g) 
=protein (4.1 kcal/g) + carbohydrate (4.1 kcal/g) + lipid (9.0 kcal/g) 
2.2.2.12 Statistical analysis. The measurement on the contents of 
moisture, protein, lipid, ash, dietary fiber were made in triplicate whereas the other 
chemical constituents including minerals, amino acids and monosaccharide 
composition of dietary fiber in this chapter were determined in duplicate. The data 
of contents of moisture，crude lipid, crude protein, ash and total dietary fiber (TDF) 
obtained were analyzed by one-way analysis of variance (ANOVA) and the Tukey's 
multiple comparisons test to detect any significant differences among groups (P 
<0.05) using a SPSS statistical software. 
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2.3 RESULTS AND DISCUSSION 
2.3,1 Proximate composition 
2.3.1.1 Moisture content. The moisture content of dried edible 
Pleurotus mushrooms (Figure 2.1) was generally low and ranged from only 4.00 
o/o {R eryngii) to 9.00 % (R plumonarius). The moisture content of R eryngii 
(4.00 o/o) was significantly lower than the other Pleurotus mushrooms (p<0.05), 
except R cornucopiae (4.97 %) (p>0.05). R ostreatus (6.27 %)，R djamor 
(7.33%), R abalones (7.33 %) and R eryngii var. ferulae (5.97 %) had a similar 
water content to .4. hisponis (6.00%) (p>0.05). These results were similar to those 
of D. indusiata (9.05 %) and S. commune (5.30 %) as reported previously 
(Longvah, 1998; Mau et al , 2001). R eryngii (4.00 %)，R eryngii van nebrodensis 
(7.67 %) and P. eryngii var. ferulae (5.97 %) were significantly different in their 
moisture content (p<0.05). Figure 2.2 revealed that the moisture content of the 
other lesser-known edible mushrooms was similar to that of the Pleurotus ones 
and with a range of only 4.87 % (//. erinaceus) to 9.67 % {R adiposa). The 
moisture content in R adiposa (9.67 %) was significantly (p<0.05) higher than the 
rest of the edible mushrooms in Figure 2.2, except P. nameko (9.00 %)，G. 
frondosa (9.33 %) and K vehitipes (8.33 %). There was no significant difference 
in moisture content between .4. chaxinggu (7.63 %) and A. aegerita (8.00 %) 
(p>0.05). A similar moisture content was noted between GK 16 (7.27 %) and 
LPK 15 (7.97 o/o)，between L giganteus (5.73 %) and L edodes (6.67 %) and 
between A. blazei (5.17%) and A. bisporus (6.00%) (p>0.05). The moisture 
content of/ / , erinaceus (4.87 %) was significantly lower than that of / / , ramosum 
(7.00 %) (p<0.05). • 
Fresh edible mushrooms usually contain more than 80 % moisture. However, 
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the content is aftected by the time of cropping, watering condition during 
cultivation and post-harvest period, temperature and the relative humidity during 
growth (Bano and Rajarathnan, 1988). Edible mushrooms that preserve water 
more easily can be a better surviver to live in dry environment. The water content 
of both the edible Pleurotus mushrooms and the other lesser-known ones were 
low of less than 10 %. Different drying methods might also affect the final 
moisture content of the edible mushrooms. Most of the edible mushrooms being 
investigated in this chapter were dried by oven and the rest were freeze-dried. The 
results suggest that both of the drying methods were efficient enough to give a 
low moisture-content product. 
2.3.1.2 Crude protein content. The protein content of the edible 
Pleurotus mushrooms was shown in Figure 2.3. They contained a reasonably high 
level of protein and ranged from 14.9% {R abalones) to 28.8 % {R djcnuor). 
Variation in protein content was noted among the Pleurotus mushrooms. The 
protein content of P. ostreatus (27.8 %), P. djamor (28.8 %) and R citrinopileatus 
(24.7%) was significantly higher than the other Pleurotus mushrooms (p<0.05). 
However, P. nebrodensis (15.7 %), P. abalones (14.9 %) and R eryrigii var. 
mhrodemis (15.1 %) showed a relatively low protein content among the 
Pleurotus mushrooms (p<0.05). The hybridization species of R eryngii van 
ferulae (22.4 %) and P. eryngii var. nebrodensis (15.1 %) showed a significant 
variation in protein content (p<0.05) as compared to P. eryngii (19.0 %). It also 
revealed that the protein content of P. ostrecUiis was similar to that reported from a 
previous study (19.9-34.7 %) (Manzi et aL 1999). P. djamor and/! ostreatus hada 
similar protein level as compared to A. hisporus (28.3 %), but were significantly 
lower than that of V. volvocea (31.9 %) (p<0.05). 
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The protein content of other lesser-known edible mushrooms was shown in 
Figure 2.4. C. comatus had the lowest amount of protein (9.40 %) among these 
mushrooms (p<0.05). The protein level in A. hlazei (27.3 %) was significantly 
higher than all the mushroom species in Figure 2.4 (p<0.05), except S. 
rugoso-amnilata (27.9 %) (p>0.05) that was simiJar to A. bisporus (28.3 %) 
(p>0.05). Variation in protein content was noted between A. chaxinggu (19.8 %) 
and A. aegerita (23.1 %)’ R nameko (15.4 %) and R adiposa (25.4 %) as well as 
H. erinaceus (17.9 %) and H. ramosum (23.0 %) (p<0.05). However, for the 
newly hybridized species of GK16 (21.5 %) and LPK 15 (19.4 %), their protein 
content was comparable to each other (p>0.05). A similar situation was noted 
from L gigmteus (16.9 %) and Ledodes (17.1 %) (p>0.05). The protein content 
ofiS. commune (16-27 %), T. giganteum (16-19 %) and L edodes (15.2-23 %) 
reported previously was found to be similar with these lesser-known edible 
mushrooms (Manzi, et al., 1999; Longvah, 1998; Diez and Ah^rez, 2001). 
The crude protein content of both the edible Pleurotus mushrooms and the 
other lesser-known edible ones varied greatly. It is believed that both the 
mushroom types and the stage of mushroom growth can affect the amount of 
protein in edible mushrooms (Longvah, 1998). According to the daily energy 
intake of 2000 kcal recommended for a 70 kg person, the edible Pleurotus 
mushrooms in lOOg dry weight basis (DW) can provide 20-40 % daily protein 
intake, while 12-37 % for the other lesser-known ones (National Research Council, 
1989). 
2.3.1.3 Crude lipid content. The crude lipid content of the edible 
Pleurotus mushrtx>ms was generally lower than 6.0 % (Figure 2.5). The highest 
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amount of lipid among the mushroom was 5.92 % as found in R eryngii var 
female (p<0.05), which was significantly higher than R eryngii (1.85 %) and P. 
eryngii var nehrodensis (2.36 %) (p<0.05). A small variation in lipid content was 
noted among the Pleurotus species which showed similar lipid content as P. 
ostreatus (2.0 %) (Longvah, 1998). Figure 2.6 showed that the crude lipid content 
of other lesser-known ones was also low，with the highest amount being found in 
GK 16 (5.16 %) (p<0.05). Among the mushrooms in Figure 2.6, R ncmieko (1.67 
%) had the least amount of lipid, but it was comparable to that of C. comatus 
(1.82 %), F. velutipes (1.75 %) and mgoso-annulata (1.97 %) (p>0.05). A 
significant difference in crude lipid content was observed between GK 16 (5.16 %) 
and LPK 15 (4.21 %). However, no significant variation in lipid content was 
found between A, chaxinggu (2.84 %) and A. aegerita (2.73 %) and between R 
nameko (1.67 %) and R adiposa (2.36 %) (p>0.05). V. volvocea had a similar 
crude lipid level (1.92 %) as R nameko, R adiposa, C. comatus�R velutipes, S. 
mgoso-ammlata and H. erinaceus (p>0.05) (Figure 2.6). The lipid content of L. 
edodes (2.0 %), L. ubnarms (2.09 %) and K bomhycina (2.15 %) as reported 
previously was shown to be as low as that of the lesser-known edible mushrooms 
(Yang, et al., 2001; Mau et al,, 2001). 
Edible mushrooms were known to contain less than 10.0 % crude lipid (DW) 
and even as low as 2.0 % (Longvah, 1998). Crude lipid content of the edible 
Pleurotus mushrooms and the other lesser-known ones being investigated had a 
low level of less than 6.0 %. It is obvious that edible mushrooms can be used for 
making some low-fat foodstuffs and snacks, but their lipid levels were too low to 
be a practical raw material for making edible oil. 
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2.3.1.4 Ash content. The ash content of the edible Pleurotus 
mushrooms was shown in Figure 2.7. In general, the ash content of Pleurotus 
mushrooms ranged from 4.55 % (P. eryngii var nebrodensis) to 7.71 % {R djcttnor). 
P. djcnnor had a significantly higher level (p<0.05) of ash content than the other 
Pleurotus spp., except P. ostreatus (6.64 %) and R citrinopileatus (7.23 %). A 
similar level of ash content (6.90 %) was found in R ostreatus as reported 
previously (Manzi et al.，1999). When compared to A. bisporus, P djainor had a 
similar ash content (p>0.05), but was significantly higher than that of L edodes 
(4.29 %) and V volvocea (5.96 %) (p<0.05). A comparably low level of ash 
content was noted among P. eryngii var ferulae (5.63 %), R eryngii var 
nehrodemis (4.55 %) and R eryngii (4.98 %) (p>0.05). R eryngii feruale (8.9 %) 
as reported earlier (Manzi, et al., 1999) had a relatively higher ash level than that 
of Pleurotus species being investigated. The ash content of the other lesser-known 
edible mushrooms (Figure 2.8) was also similar to that of the Pleurotus 
mushrooms (Figure 2.7) and ranged from only 3.78% (L. giganteus) to 9.47 % (C. 
comatus). L. giganteus (3.78 %) had a significantly lower ash content than all the 
other edible mushrooms in Figure 2.8 (p<0.05), except H. erinaceus (4.36 %) and 
L edodes (4.29 %) (p>0.05). However, a much higher ash content had been 
reported for H. erinaceus (9.35 %) (Mau et al.，2001). C. comatua (9.47 %) had the 
highest ash content among all the edible mushrooms in Figure 2.8 and only H. 
ramosum (8.71 %) had a comparable ash content as C. comatus (p>0.05). 
Interspecies variation seemed to exist between P. nameko (5.33 %) and R adiposa 
(6.72 %), GK16 (6.13 %) and LPK 15 (5-07 %), K ramosum (8.71 %) and H. 
erinaceus (4.36 %) as well as A. blazei (6.24 %) and A bisporus (7.99 %) (p<0.05) 
(Figure 2.8). 
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The ash contents of both the edible Pleurotus mushrooms (4.55-7.71 %) and 
other lesser-known ones (3.78-9.47 %) are low. Minerals in ash are in the forms 
of metal oxides, sulfates, phosphates, nitrates, chlorides and other haJides. Thus, 
ash content may overestimate the total mineral content by a considerable extent 
since oxygen is present in many of the anions. However, it does provide an 
estimate of mineral content that is required for calculation of the total 
carbohydrate in the proximate analysis scheme (Fennema, 1996). 
2.3.1.5 Mineral content 
2.3.1.5.1 Potassium, sodium, magnesium，caldum，iron, copper, zinc 
and manganese. Table 2.1 shows the mineral composition of the edible 
Pleurotus mushrooms. Potassium was the major element and its level ranged 
from 1870 mg/lOOg DW (P. enmgii var. female) to 2900 mg/lOOg DW {R 
ostreatus). The results obtained were in agreement with those reported 
previously (Zakhay et al, 1983; Shah et al , 1997) and were comparable to 
those of some legume seeds (1370-1630 mg/iOO DW) (Chau,1997). Low 
levels of sodium (8.70 rag/1 OOg DW in P. djamor to 22.4 mg/lOOg DW in R 
comiicopiaeX magnesium (15.4 mg/lOOg DW in R erymgii to 34.3 mg/lOOg 
DW in P. djamor) and calciiim (0.84 mg/lOOg DW in R sapidiis to 5.97 
mg/IOOg DW in conmcopiae) were noted from these edible Pleurotus 
mushrooms. The other microminerals of iron (3.74 mg/lOOg DW in P. 
mhrodemis to 20.3 mg/lOOg DW in R djamor�, zinc (3.90 mg/lOOg DW in R 
ahalones to 11.4 mg/lOOg DW in R djanior), copper (<0.001 mg/lOOg DW to 
0.95 mg/lOOg DW in R erymgii) and manganese (0.37 mg/lOOg DW in P. 
ahalones to 0.81 mg/lOOg DW R cUrinopileatus) of the above edible Pleurotus 
muslirooms showed in similar levels to those findings reported previously 
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(Vetter, 1990; Verma et al.，1987) and to those of the three commonly known 
edible mushrooms (Table 2.3). R eryngii and the two hybridization species of/? 
eryngii var. nehrodensis and R eryngii var. ferulae had a similar mineral 
composition profile to each other. The contents of iron (4.86 mg/100 g DW), 
copper (0.50 mg/lOOg DW), manganese (1.03 mg/lOOg DW) and zinc (1.93 
mg/lOOg DW) of R osireatus reported previously (Tuzen et al, 1998) were 
similar to those findings obtained in this study. The potassium content of all 
the edible Pleurotus mushrooms was lower than that of A. bisporus (3360 
mg/JOOg DW) and V. vohacea (3410 mg/lOOg DW). Only R osireatus could 
have a comparable level of potassium to that of L. edodes (2750 mg/lOOg DW). 
Similar levels of sodium and magnesium were noted between the edible 
Pleurotus mushrooms, L edodes and V, votvacea, except that A. bisporus had a 
higher sodium content of 71 mg/lOOg DW. The calcium contents of the three 
commonly known edible mushrooms were in general higher than those of the 
edible Pleurotus mushrooms. Table 2.2 revealed that the major element of the 
other lesser-known edible mushrooms was potassium with a range of 1140 
mg/lOOg DW (F. velutipes) to 4680 mg/lOOg DW (G.. frondosa) and that was 
also noted from the edible Pleurotus mushrooms. It could note that potassium 
content for species of the same family was similar and the similar results were 
also observed for manganese, copper, manganese and calcium. Levels of 
sodium (9.34 mg/lOOg DW in A. aegerita. to 48.3 mg/lOOg DW in C 
comatus), magnesium (6.1] mg/lOOg DW in S. rugoso-anmilata to 43.0 
mg/lOOg DW in A, aegerita) and calcium (0.37 mg/lOOg DW in LPK 15 to 
5.86 mg/lOOg DW in P. natneko) were low and in various amounts in the 
lesser-known edible mushrooms. These mushrooms also had low levels of iron 
(6.26 mg/lOOg DW in R adiposa to 39.9 mg/lOOg DW in S. rugoso-mnmlata\ 
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zinc (2.71 mg/lOOg DW in H. marmoreus to 10.5 mg/lOOg DW in A. blazei), 
copper (<0.01 mg/lOOg DW to 4.71 mg/lOOg DW in A. blazei) and manganese 
(0.06 mg/lOOg DW in L giganteus to 2.02 mg/lOOg DW in S. 
mgoso-mnulatd). 
Edible mushrooms are known to have the ability to take up and 
accumulate certain elements (metals) at high concentration in their structures. 
At the same time, plants or animals require some metals such as iron, copper 
and zinc as micro-nutrients (Demirba§, 2001). The highest ash contents for the 
edible Pleurotus mushrooms and the other lesser-known ones were 7.70 % and 
9.50 o/o，respectively. However, it is known that the ash content of mushroom 
would be influenced by the solid composts in which mushrooms grow, the 
environment ,(temperature, salinity, pH, presence of organic matter), the 
physiological mechanism that regulating the effectiveness of uptakes of 
different minerals by mushrooms (LatitY et al , 1996; Demirbas, 2001; Tuzen et 
al., 1998) and genetics of the mushroom species. Being a good source of 
minerals, cultivated mushrooms contain macro-elements of sodiumu potassium, 
calcium and magnesium, together with micro-elements such as copper, iron， 
manganese and zinc. Potassium is the major element in both the edible 
Pleurotus mushrooms (1870-2900 mg/JOOg DW) and the other lesser-known 
ones (1140-4680 mg/lOOg DW), followed by a low level of sodium, 
magnesium and calcium. Adequate amounts of iron, zinc, copper and 
manganese were also found in the above edible mushrooms. 
The ranges of safe and adequate intake for most minerals are fairly wide. 
Higher organisms have homeostatic mechanisms for dealing with both low and 
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high exposures to essential nutrients. So, deficiency or toxicity is relatively rare 
provided a varied diet is consumed (Feimema, 1996). 
‘Sodium is the principal cation of the extracellular fluid and the primary 
regulator of its volume. It is also critical to the maintenance of fluid balance 
and nerve transmissions and muscle contractions (Fennema, 1996; Whitney, 
1999). Intakes of sodium by people nowadays tend to be higher than desirable 
for optimal health. Epidemiological data show that blood pressure 
(hypertension) is positively associated with the level of salt intake. Populations 
with salt intakes greater than 6 g/day have progressively increasing blood 
pressure with age (Whitney, 1999). So，the recommended daily intake for 
sodium is 2400mg (National Research Council, 1989). A high intake of 
sodium has also been associated with calcium excretion and bone losses. The 
low sodium level provided by both the edible Pleurotus mushrooms and the 
other lesser-known ones is far below the RDA set by the USA and only less 
than 2.0 % of the RDA is reached when 100 gram of dry edible mushrooms is 
consumed. 
Magnesium plays a major role as a catalyst in reaction that adds the last 
phosphate to the high energy compound ATP and it is essential to the use of 
glucose, protein, fat and nucleic acid synthesis and all membrane transport 
systems. It also involves in muscle contraction and blood clotting，protect 
against hypertension and heart disease (Whitney, 1999). The recommended 
daily intakes (RDA) for men and women (19-50 year old) are 400 mg and 300 
mg，respectively (National Research Council 1989; Fennema, 1996). Calcium 
plays an important role in blood clotting, muscle contraction, cell division, 
bond formation, transmmision of nerve impulses and hormone secretion 
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(Whitney, 1999). The daily recommended intake for calciumis 1000 mg per 
day (National Research Council, 1989; Fennmea, 1996). However, both the 
edible Pleurotus mushrooms and the other lesser-known ones are not a goood 
source of calcium as they can only provide a very limited amount even in dry 
weight basis. 
Copper acts as a catalyst cofactor for lipid peroxidation, ascorbic acid 
oxidation and enzyme cofector like polyphenoloxidase. Also, it is necessary 
for the absorption of iron in the formation of hemoglobin and is a part of 
several enzymes (Whitney, 1999). Together with a balanced diet, edible 
mushrooms can provide enough copper that allows people to maintain a 
normal and healthy body. Oie hundred grams of dry edible mushrooms being 
investigated in this chapter can provide up to 50 % {P. eryngii) to more than 
200 % (/I. hlazei) of the recommended RDA level of copper. The estimated 
safe and adequate daily dietary intake of copper is 7.5-30 mg/day for adults 
(National Research Council 1989). 
Iron is important to oxygen transport，ATP generation and DNA 
systhesis. Also, ferrous ions can help to catalyze lipid peroxidation, function as 
enzyme cofactor for lipoxgenase cytochromes and is a part of hemoglobin and 
myoglobin in muscles (Whitney, 1999). The RDA for men and women (19-50 
year old) is 10 mg/day and 15 mg/day, respectively (National Research 
Council, 1989; Whitney, 1999). Manganese plays an important role as an 
enzyme cofactor and its deficiency will cause nerve system disease. The 
estimated safe and adequate daily dietary intake of manganese is 2.0-5.0 
mg/day for adults (National Reserach Council, 1989; Whitney，1999). 
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Potassium which is the major cation within the body's cells and is critical 
to the maintenance of fluid balance, nerve transmissions and muscle 
contractions. The daily estimated minimum requirement for adults is 2000 
mg/day (Whitney, 1999). High potassium intakes could prevent and attenuate 
hypertension. Muscle weakness and paralysis are resulted from deficiency of 
potassium (Whitney, 1999). One hundred grams of dry edible Pleurotus 
mushrooms can provide at least 94 % of the recommended RDA level, while 
the other lesser-known ones can achieve 57 %. Zinc is a cofactor with more 
than 100 enzymes that associated with the hormone insulin, making genetic 
material and proteins, immune reactions, transport of vitamin A. etc. 
Deficiency in zinc may cause a loss of appetite, growth retardation and skin 
changes. The RDA for zinc for men and women is 15 mg/day and 12 mg/day, 
respectively (National Reserach Council，1989; Whitney, 1999). 
2.3.1.5.2 Mercury, lead, arsenic, selenium and cadmium. Table 2.4, 2.5 
and 2.6 show the heavy metal contents of the edible Pleurotus mushrooms, the 
other lesser-known edible mushrooms and the three commonly known edible 
mushrooms, respectively. The levels of lead (<0.01-< 1x10'^  ppm), mercury 
(<1x10-4 ppm to not detected), cadmium (not detected), selenium (<1x10'^ ppm) 
and arsenic (not detected) in all the above edible mushrooms were in general 
very low. 
From the results of the edible Pleurotus mushrooms and the other 
lesser-known ones, the levels of heavy metals (lead, mercury, cadmium, 
selenium and arsenic) were very low and far below the suggested toxic level 
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for the daily intakes for human beings. Obivously, certain forms of some 
metals such as mercury and cadmium can be toxic in relatively small amounts. 
Cadimum is a byproduct in the production of zinc and lead and 
pyrometallurgical production of zinc is the most important anthrogeinc source 
into the environment. Other major sources of heavy metals are fossil fuel 
combustion and waste incineration. From the fruitbodies of Agarcius 
macrosporus, a cadmium binding phospho-glycoprotein and a cadmium 
mycophosphatin were isolated. This protein has a molecular weight of 12000 
daltons (Schmitt & Meisch^ 1985) and contains phosphorus, glucose and 
galactose (Kqjo & Lodemus, 1989). 
Lead IS readily absorbed and accumulated m bones, brains, teeth and 
kidneys. Lead toxicity causes learning disability, slowing growth， 
iron-deficiency anemia, nervous system disorder，hypertension, reproductive 
complications and kidney failure. Lead is toxic to growing brain and affect 
behavioral development of the yoimg at low concentration. Organic lead 
compounds are fat-soluble and more toxic than the other forms (Demirba^, A.， 
2001). High doses of selenium are toxic that cause vomiting, diarrhoea, loss of 
hair and nail and lesions of skin and nervous system. However, deficiency in 
selenmm will cause keshan disease and increase the nsk for cancer and heart 
disease. The RI)A of selemum for men and women is 70//g/day and 55// 
g/day’ respectively (National Research Council, 1989). 
2.3.1.6 Carbohydrate content. 'Fhe carbohydrate content (Figure 
2.9) of the edible Pleurotus mushrooms varied from only 18.7 % (R djairior) to 
42.4 % {R nebrodensis). Seven of the above mushrooms had more than 30 % 
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carbohydrate. R eryngii (34.7 %) and R eryngii var nebrodensis (32.6 %) had a 
much higher carbohydrate level than R eryngii var ferulae (23.8 %). R ostreatus 
had a" much lower carbohydrate content as compared with findings reported 
previously (Mau et al, 2001; Longvah, 1998). Figure 2.10 shows that the 
carbohydrate content of the other lesser-known edible mushrooms was moderately 
high that ranged from 25.1 % {R adiposa) to 38.7 % (H. rmiosiim). Eight of them 
had more than 30% carbohydrate and all of them had a higher level of 
carbohydrate than A bisporus (20.1 %), but none of them had a comparable level 
as L edodes (43.8 %). A similar level of carbohydrate was found between GK16 
(28.9 %) and LPK 15 (28.6 %). 
2.3.1.7 Dietary fiber content. The dietary fiber content of the edible 
Pleurotus mushrooms was shown in Table 2.7. The content of total dietary fiber 
(TDF) in the edible Pleurotus mushrooms was generally high and ranged from 
26.7 % (P nebrodensis) to 43.6 % (P. cornucopiae). All of them, except R 
nehrodensis, had more than 30 % TDK P. nehrodensis (26.7 %) and R 
plwnonarhis (30.7 %) had a significantly lower TDF content than any other 
Pleurotus mushrooms (p<0.05). The highest TDF content (43.6 %) found in P. 
coniucopiae was comparable to that of P. ostreatus (42.6 %) (p>().05) and both of 
which were significantly higher than the rest of Pleurotus mushrooms (p<0.05), 
except P. eryngii var. ferulae and R eryngii var. nehrodensis showed a 
significantly higher level in TDF content than P. eryngii (p<0.05). The TDF of R 
citrinopileatus reported previously (35.6 %) was in agreement with the present 
result (Cheung, 1997). Total dietary fiber (TDF) of edible Pleurotus muslirooms 
consisted predominantly of insoluble dietaiy fiber (IDF) (more than 90 %) and a 
very small amount of soluble dietary fiber (SDF) which was consistent with 
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previous reports (Cheung, 1997, Diez and Alvarez, 2001). The range of IDF of the 
edible Pleurotus mushrooms was from 92J % {P. eryngii) to 98.4 % (JP. 
citrinopileatus), but only 1.61 %-7.36 % of SDF was noted. Table 2.8 shows that 
the TDF content of other lesser-known edible mushrooms was comparably to that 
of the Pleurotus mushrooms and ranged from 26.7 % (A. aegerita} to 44.0 % (G. 
fivndosa). Eleven of them had more than 30 % TDF and the rest also had a TDF 
level above 20 %. Among all the other lesser-known edible mushrooms, G. 
frondosa (44.0 %) had a significantly higher level of TDF (p<0.05). On the other 
hand, A. aegerita (26.7 %) had a similar level of TDF as S. nigoso-ammlata (28.4 
%) and H. rcmiostim (26.9 %) (p>0.05). Variation in the TDF content was noted 
between .4. chaxinggu (36.4 %) and A aegerita (26.7 %) as well as R narneko 
(37.9 %) and F. adiposa (30.9 %) (p<0.05). L giganteus (34.8%) had a 
significantly higher TDF level when compared with L edodes (26.5%) (p<0.05). 
IDF contributed more than 87% of the IDF content m the other lesser-known 
edible mushrooms and ranged from 87.9% (//. ramosimi) to 98.6% ( 乙 . g i g a n t e u s ) 
and only a small amount of SDF (1.45-11.6%) was found in the TDF of the other 
lesser-known ones. 
2.3.1.8 Energy content Overall, the energy content of the edible 
Pleurotus mushrooms was low and they only provided less than 300 kcal/lOOg 
dry weight (DW) (figure 2.11). ITie highest energy content among the mushrooms 
was 262 kcal/lOOg DW {P. conmcopiae). Previous findings on the energy values 
of 7： robustm (302 kcal/lOOg DW), R ostreatus (416-423 kcal/lOOgDW) and A. 
bisporus (417-420 kcal/lOOg DW) (Aletor, 1995; Manzi et al , 2001) were all 
higher than the present results. The energy content of the other lesser-known 
edible mushrooms was comparable to that of the Pleurotus ones (Figure 2.12). 
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They all provided not more than 270 kcal/100 g DW, with the lowest energy value 
of 199 kcal/100 DW found in G, frondosa. A greater variation in terms of energy 
content was noted between A chaxinggu (219 kcal/100 DW) and A aegerita (260 
kcal/lOOg DW), R natneko (212 kcal/lOOg DW) and P. adiposa (242 kcal/lOOg 
DW) as well as GK 16 (264 kcaiy lOOg DW) and LPK 15 (245 kcal/lOOg DW). V 
vohacea (255 kcal/lOOg DW) had a similar energy content as that ofH. ramosum 
(259 kcal/lOOg DW) and//, ermaceus (254 kcal/lOOg DW). 
The low energy levels provided by the edible Pleurotus mushrooms (less than 
300 kcal/lOOg DW) and the other lesser-known ones (less than 270 kcal/lOOg DW) 
give only about 15.0 % and 13.5 %, respectively, of the daily enei^y intakes 
recommended for a 70 kg person. However, the enei^y content is affected by the 
proportion of fat, protein and carbohydrate in the edible mushrooms. The present 
results agreed that edible mushrooms can be used as a source of low energy diet 
(Lam, 1996). 
2.3.2 Amino acid profiles. The amino acid profiles of the edible Pleurotus 
mushrooms were shown in Table 2.9. It revealed that the levels of essential amino 
acid (EAA) ranged from 38.4 % in P. emigii var. nebrodemis to 43.8 % in P. 
cornucopiae and R osireatus. The results obtained were in agreement with previous 
findings which ranged between 34 and 47% (Longvah, 1999; Manzi et al , 1999). 
Although the above mushrooms varied in their amounts of each amino acid, the 
profiles for the amino acids were similar. All of the edible Pleurotus mushrooms 
were rich in both aspartic acid (78.7 mg/g protein in R eryngii van ferulae to 115.4 
mg/g protein in P. eryngh) and glutamic acid (112.9 mg/g protein in R osireatus to 
162.9 mg.g protein in R abahnes�. Table 2.11 reveals that the level of glutamic acid 
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found in L edodes was higher than all the Pleurotus mushrooms. From the amino 
acid profiles of the edible Pleurotus mushrooms, it seemed that the mushroom 
proteins 'were deficient in leucine (0.90)，threonine (0.89), isoleucine (0.81) and 
lysine (0.14-0.90) when compared to the FAOAVHO requirement pattern. Both A 
bisporus and L edodes were deficient in leucine (0.68 and 0.94, respectively) (Table 
2.11). P. abalones and R citrinopileatus were found to be deficient in threonine 
(chemical score =0.89) and isoleucine (chemical score = 0.81), respectively. Lysine 
(chemical score of 0.14 -0.90) was found to be deficient in all the edible Pleurotus 
mushrooms. Only R eiyjigii van ferula was deficient in leucine with a chemical 
score of 0.90. Comparatively higher levels of alanine, leucine and arginine were 
noted from these edible Pleurotus mushrooms, but tyrosine, histidine, cystine were 
found in lower levels. The EAA profiles of R citrinopileatus and R ostreatus were 
similar to those findings reported before (Manzi et al.，1999; Dabbour & Takruri, 
2002). ITie present results were in agreement with previous findings that lysine, 
leucine and isoleucine were the limiting amino acids in some edible miLshroom 
proteins (Cheung, 1997; Manzi et al., 1999; Diez and Alvarez，2001). 
Table 2.10 shows the amino acid profiles of the other lesser-known edible 
mushrooms. It revealed that the levels of essential amino acid (EAA) (36.9-50.2%) 
were comparable to that of the edible Pleurotus mushrooms (Table 2.9). The 
amounts of each amino acid varied greatly for the other lesser-known ones，but their 
profiles of each amino acid were similar to those of the edible Pleurotus mushrooms. 
They were rich both in aspartic acid (71.9 mg/g protein in A. blazei to 121.4 mg/g 
protein in C.comatus\ except L giganteus (49 mg/g protein) and F. velutipes (48.7 
mg/g protein) and glutamic acid (113.8 mg/g protein in P. adiposa to 180 mg/g 
protein in R nameko\ except F. velutipes (45.6 mg/ g protein) and L gigcmtem (15.7 
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mg/g protein). The essential amino acid profiles of these lesser-known edible 
mushrooms showed that their proteins were deficient in leucine (0.66-0.99), valine 
(0.82), tyrosine (0.94) and lysine (0.31-0.98) when compared to the FAO/WHO 
requirement pattern, A. bisporus was found to be deficient in lysine (0.73) as showed 
in Table 2.11. Comparatively higher levels of leucine, phenolalanine and arginine 
were found in these lesser-known edible mushrooms, but tyrosine, histidine, 
cysteine were noted in a comparatively lower level as in the case of the edible 
Pleurotus mushrooms. It was noted the K velutipes, L giganteus, A blazei and H. 
marmoreus were deficient in valine, leucine, tyrosine and lysine. This may be due to 
the feet that these four mushrooms all contained a low level of total EAA (217-393 
mg/g protein) and this contributed to the deficiencies in the above essential amino 
acids in them. 
2.3.3 Monosaccharide profiles of dietary fiber. The monosaccharide 
composition of the IDF and SDF of the edible Pleurotus mushrooms are shown in 
Tables 2.12 and 2.13. For all of the above mushrooms, the major sugar constituents 
of the IDF was glucose (77.7 % in R eryngii var. nebrodetuis to 92.6 % in P. 
djamor), followed by mannose (1.78-5.98 %)，galactose (1.16-3.58 %) and xylose 
(1.05-8.79 %). Only R ostreatus (2.49 %), R cornucopiae (3.34 %) and R sapdiiis 
(2. J5 %) were foimd to contain fticose at a relatively low level. Only four of the 
above Pleuortiis mushrooms were found to contain N-acetyl-glucosamine which 
ranged from 5.29 % (R sapidus) to 9.47 % {R ostrecms). The level of iironic acids 
was low with a range of only 2.16 % {P. abalones) to 5.62 % {R eryngii var. 
nehrodemis) that was in agreement with previous findings (2.10-12.6%) (Cheung, 
1997 & 1998). A low level of N-acetyl-glucosamine implied that the chitm content 
in Pleurotus mushrooms was low. Chitin was believed to be present in different 
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amounts in various mushrooms (Manzi, et al , 1999). Since chitin is a polymer of 
fungal cell walls, the absence or low level of glucosamine may be underestimate the 
amount of non-proteinous nitrogen. This may be due to the low sensitivity of the 
detector to it and the incomplete hydrolysis of it during the GC sample preparation. 
The major sugar constituent of the SDF was glucose, which had a lower level (38.0 
% in R citrinopileatus to 73.4 % in P. ostreatus) when compared with that of IDF. 
Levels of mamiose (10.4 % in R djamor to 21.4 % in R erytigii var. ferulae) and 
galactose (10.2 % in P. ostreatus to 26.3 % in R citrinopileatus) in SDF were both 
higher than those in IDF. The level of uronic acids (2.50-14.6%) of SDF in 
Pleurotus mushrooms was as low as that in IDF. Previous studies also showed that 
the neutral and amino sugars were the predominant components in dietary fiber with 
glucose as the major sugar with other minor sugars such as mannose, xylose, 
rhamnose, and galactose (Cheung, 1996 & 1997). 
The monosaccharide composition of the IDF of other lesser-known edible 
mushrooms is shown in Table 2.14. Glucose was predominant m the IDF and ranged 
from 52.0 o/o in A. hlazei to 89.3 % m L. gigmteus, with other neutral sugars in a 
relatively smaller amount, including mannose (1.42-8.89 %), galactose (L48-6.22 %) 
and xylose (0.74-3.45 %). Only R velutipes (1.77 %) and H. erinaceus (0.77 %) had 
arabinose in their IDF fractions. A very small amount of iiicose was present in H. 
erinaceus (0.79 %). The level of N-acetyl-glucosamine reflects the chitin content in 
the cell wall of edible mushrooms. The N-acetyl-glucosamine content varied from 
only 3.65 % (G. fwndosa) to as much as 21.8 % (.4. hlazei). The level of uronic 
acids was found to be as low as that of the IDF from Pleurotus mushrooms and had 
a range of 2.63 % (F velutipes) to 15.7 % {H. erinaceus). A. chaxinggu had a similar 
monosacharide composition as A. aegerita, except that the former contained a 
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smaller amount of xylose. Similar result was found in R nameko and P. adiposa. The 
three common edible mushrooms showed a similar pattern of monosaccharide 
composition of IDF as that of Pleurotus mushrooms and other lesser-known ones 
(Table 2.12 and 2.14). Both GK 16 and LPK 15 showed a small variation in 
monosaccharide composition. From the proportion of neutral sugars in the IDF of 
the lesser known edible mushrooms, it would be deduced that the major 
hemicelluloses are P-glucans with a relatively smaller amount of xyloglucans, 
galactoglucans and glucomaiinans and pectic substances. 
Table 2.15 shows that the major sugar constituent of the SDF of other 
lesser-known edible mushrooms was glucose, but its level was lower than (34.7 % in 
H. marmoreus to 82.2 % in R velutipes) when compared with that of the IDF. The 
SDF had mannose (8.60 % in A, hlazei to 33.1 % in R nameko) and galactose (6.95 
o/o in K velutipes to 41.7 % in H. ramosum) and their levels were both higher than 
those found in IDF. The level of uronic acids (0.11-10.2 %) of the SDF m other 
lesser-known edible mushrooms was as low as that in IDF. N-acetyl-glucosamine 
was not found in SDF, which was the same as the Pleurotus mushrooms. However, a 
high level of glucose (82.2 %) in the SDF of F, velutipes implied that the major 
polysaccharide was P-glucans, which was also found in the SDF of Z. edodes (70.9 
% glucose) as shown in Table 2.16. Similar patterns of SDF monosaccharide 
composition was noted between species of the same family，except that^l chaxinggu 
had smaller amounts of fiicose (4.30 %)，ribose (3.71 %), arabinose (3.43 %) and 
xylose (3.10 %), but not for A aegerita. 
Dietary fiber (DF) is a mixture of many complex organic substances. It was 
initially defined as remnants of plant cells resistant to hydrolysis by the alimentary 
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enzymes of man and then later modified to include hemicelluloses, celluloses, 
lignins, notidigestible oligosaccharides, pectins, gums and waxes (Southgate, 2001). 
Edible mushrooms have a large variation in the dietary fiber content. The total 
dietary fiber (TDF) content varies greatly among mushrooms of different species. 
The total dietary fibers (TDF) provided by the edible Pleurotus mushrooms are 
26.7-43,6 %, with more than 90 % of which predominantly consisted of insoluble 
dietary fiber (DDF). For the other lesser-known ones, 26.7-44.0 % TDF is found of 
which more than 87 % was contributed from IDF. The daily dietary fiber intake 
recommended by the US is 20-25g per day (Nation Research Council, 1989). 
According to the results, both the edible Pleurotus mushrooms (26.7-43.6 g/'iOOg 
DW) and the other lesser-known ones (26.7-44 g/lOOg DW) can provide adequate 
amount dietary fiber. The IDF fraction of the edible Pleurotus mushrooms was 
mainly composed of glucose, followed by a low level of mannose, galactose, xylose 
and uronic acids. Such monosaccharide composition in the IDF of edible Pleiiortus 
mushrooms implied that the major hemicelluloses were [3-glLicans, with small 
amounts of xyloglucans, galactoglucans and glucornannans as well as pectic 
substances, [i-glucans was found to be the major polysaccharide component in 
edible mushrooms as reported previously (Cheung, 1996, 1997 & 1998). 
Glucornannans are part of the hemicellulose fraction of plant cell wall and appear to 
be linear polymers with both mannose and glucose in the chain. The presence of side 
chains tends to make these polysaccharides more soluble in water (Southgate and 
Spiller, 2001). Uronic acids, commonly as D-galacturonic acids and D-gluciironic 
acids, are present in the pectic substances and the heniicellulose portion of the plant 
cell wall (Southgate and Spiller, 2001). Low levels of uronic acids (2.16-9.47 %) 
implied a low level of pectic substances, which are in a high level in ripened fruits. 
Galactans, which are polysaccharides, give galactose on hydrolysis and occur in 
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wood and in many algae (Southgate and Spiller, 2001). The presence of it in the 
edible mushrooms is limited. Chitin is a natural aminopolysaccharide which 
predominantly consists of linear chains containing N-acetyl-D-glucosamine units 
(70-95 %) that are linked together by (l-4)-p glycosidic linkages. The presence of 
amino groups in the molecule makes it to be basic or polycatioiiic. Chitin has been 
known mainly present in exoskeletons of arthropods such as insects, crabs, shrimp, 
lobsters and other shells of shellfish. Also, chitin is also found to be present as a 
non-proteinous nitrogen source in edible mushroom cell walls (Fiirda, L, 2001). A 
low level of N-acetyl-glucosamine (5.29-9.47 % of the IDF content)' implied that the 
chitin content in Pleurotus mushrooms was low. Since chitin has the same glycosidic 
linkages in their molecules as cellulose, it cannot be hydrolyzed by enzymes 
secreted by human alimentary canals. In the gastrointestinal tract they are partially 
degraded by the microbial flora in the large intestine (Purda, I.，2001). The absence 
of chitin in the SDF fraction proves that it behaves as typical insoluble dietary fiber. 
The major sugar constituent in the SDF of edible Pleurotus mushrooms was 
glucose, but its amount was lower when compared with the IDF fraction. Higher 
levels of mannose and galactose, together with a low level of uromc acids, were 
found in the SDF fraction. The monosaccharide composition in the SDF of edible 
Pleurotus mushrooms suggested that the major hemicelluloses are glucomannans, 
galactomaimans, galactoglucans, together with a small amount ofpectic substances. 
The SDF from R plimonarhis and R nebrodensis has a very low level of xylose and 
this implies that xyloglucans and xylomamiaiis may be present, but in a very small 
amount. Arabinose only can be found in R cornucopiae implies that 
arabinogalactans, which form part of the heniicellulose complex in many tissues, 
may be present in a very small level. 
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A similar monosaccharide composition was noted from the IDF of the other 
lesser-known edible mushrooms. However, the levels of xylose, marmose and 
galactose varied but present in a relatively small amount as that of the IDF of edible 
Pleurotus mushrooms. The proportion of neutral sugars in the IDF of the 
lesser-known edible mushrooms implied that the major hemicelluloses are p-glucans 
with a relatively smaller amount of xyloglucans, galactoglucans and gliicomannans 
and pectic substances. Arabinose only can be found in R velutipes and H. ermaceus 
and this implies that arabinogalactans, which form part of the hemicellulose 
complex in many tissues, may be present in a very small level. A low; but varied 
level of N-acetyl-glucosamine (3.65-21.8 % of the IDF content) implies that the 
chitin content in these lesser-known edible mushrooms was low and 
special-dependent. Low levels of uronic acids (2.63-11.2 %) implied a low of pectic 
substances. , 
llie monosaccharide composition in the SDF of these edible mushrooms 
suggested that the major hemicelluloses are gliicomannans, galactomannans, 
galactoglucans and P-glucans with a small amount of pectic substances. The absence 
of chitin in the SDF fraction proves that it behaves as typical insoluble dietary tiber 
and the results were the same as that of the edible Pleurotus mushrooms. 
2.3.4 Overall ranking. Nowadays, what scientisits and commercial 
companies seraching for is a nutritious food that is also a source of biologically 
active compounds with medinical values. Foods that are rich in high-quality protein 
and dietary fiber, with good essential amino acid profiles, but low in tat and energy 
levels are always popular and beneficial to the people living in this modem society. 
Although the edible mushrooms are not in general a 'perfect' source of nutrients 
when compared with foods from some other animals and plants, their nutritional and 
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medicinal values are becoming more and more important. The increase in the 
popularity contributed to the increase in the world production of cultivated edible 
mushrooms. Table 2.17 shows the total scores that are based on the amounts of 
protein, fat, total dietary fiber，percentage of essential amino acids and the energy 
provided of the edible Pleurotus mushrooms and the other lesser-known ones. For 
the edible Pleurotus mushrooms, the scores in ascending order are 19 {P. 
cWinopileatus), 21 (R djamor) and 22 {R sapdius). For the other lesser-known ones, 
the scores in ascending order are 20 (E velutipes\ 30 (A. chaxinggu) and 34 {R 
nameko, R adiposa, C. comatus, S. rugoso-anmdata and H. erinaceus). A lower 
score represents that the edible mushroom has a relatively higher contents in protein, 
total dietary fiber, essential amino acids and a relatively lower levels of fat and 
energy. Edible mushrooms with a relatively lower score have a great potential to be 
further investigation in terms of their nutritional values and the medicinal 




The moisture content was found to be low (less than 10%) in both the edible 
Pleurotus mushrooms and the other lesser-known edible ones. The crude protein 
content of the edible Pleurotus mushrooms was reasonably high (14.9-28.8 %) and 
variation did exist between them. For the other lesser-known edible mushrooms, A. 
bisporus was significantly higher than the other ones, except S. rugoso-cnmulata, 
and variation between species of the same family did exist. The crude lipid content 
was generally low (less than 6%) and a small variation was noted between the edible 
Pleurotus mushrooms. The highest amount of lipid was found in GK16, while R 
nmieko had the lowest level among the other lesser-known edible mushrooms. A 
significant difference in crude lipid content was also noted between species of the 
same family. The ash content was generally low and potassium was the major 
element in both the edible Pleurotus mushrooms and the other lesser-known ones. 
Low levels of sodium, magnesium, and calcium followed by iron, zinc, copper and 
manganese were found with variations existed between species. A similar pro tile of 
the mineral levels was noted between the edible Pleurotus muslmx)ms and the other 
lesser-known ones. The carbohydrate content varied that seven of the edible 
Pleurotus mushrooms and eight other lesser-known mushrooms had carbohydrate 
content higher than 30 %. The total dietary fiber (TDF) of the edible Pleurotus 
mushrooms was generally high (26.7 -43.6 %) and predominantly consisted of IDF 
(more than 90 %) and a very small amount of SDF. For the other lesser-known ones, 
variation in TDF existed (26.7-44.0 %) and eleven of them had TDF content higher 
than 30% (97% of which was IDF). The energy content of all of the edible 
mushrooms investigated was low (less than 300 kcal/lOOg DW). The essential 
amino acid levels of the edible Pleurotus mushrooms (38.4-43.8 %) and the other 
lesser-known ones (36.9-50.2 %) were both adequate and they had a similar amino 
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acid profile. It was noted that both of them were rich in aspartic acid and glutamic 
acid. The edible Pleurotus mushrooms were deficient in leucine, threonine, 
isoleucine and lysine, but had comparatively higher levels of alanine，leucine and 
arginine. For the other lesser-known ones, they were deficient in leucine, valine, 
tyrosine and lysine, but were comparatively high in levels of leucine, phenolalanine 
and arginine. The major sugar constituents of both mushroom IDF and SDF were 
glucose followed by mannose, galactose and xylose. Together with a low level of 
glucosamine and uronic acids, the major hemicelluloses found in IDF of the edible 
Pleurotus mushrooms and the other lesser-known ones were suggested to be 
p-glucans and a small amount of xyloglucans, galactoglucans, glucomaimans and 
pectic substances. A similar monosaccharide profile was noted from the mushroom 
SDF, but no glucosamine was found. The major hemicelluloses in SDF of Pleurotus 
mushrooms and the other lesser-known ones were suggested to be glucomannans, 
galactomannans, galactoglucans and a small amount of pectic substances. The edible 
mushrooms, R citrinopileatus, P. adjmor, P. sapdius, together with F. velutipes, A. 
chaxinggu, P. nameko, R adipose’ C. comatus, S. rugoso-annulata and H. erinaceus 
have a great potential to be further investigated in terms of the nutritional values and 
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CHAPTER THREE: FUNCTIONAL PROPERTIES OF THE EDIBLE 
PLEUROTUS MUSHROOMS AND OTHER LESSER-KNOWN EDIBLE 
MUSHROOMS 
3.1 INTRODUCTION 
The inadequate supply and shortage in food proteins have led to a search for 
new protein sources for food functional ingredients and nutritional supplement. 
Utilization studies with plant proteins have become increasingly important because 
of concerns over the population growth and widespread protein malnutrition. 
Extensive research has been done on the nutritional and functional properties of 
soybean protein products (Sosulski and Garvatt, 1976). However, utilization of soy 
and other legume flours as food ingredients depends on the desirable functional 
qualities that they impart to the food (Onweluzo, et al.，1994). 
The functional properties of milk proteins have been extensively reviewed and 
they are used widely as emulsifiers in food industry (Kinsella, 1976). It is generally 
accepted that soybean protein gives the desirable flmctional properties to the 
finished food product，when it is added to a variety of food. Many researches have 
been published on the functions of soybean products and sufficient knowledge is 
now available on how to use them in food processing. Also, the functional properties 
often legume flours have been evaluated (Sosulski and Garvatl, 1976). 
It has been noted that interactions of proteins with other components of food are 
important to find their acceptability in foods (Johnson, 1970). Emulsifying properties 
are important in terms of functionality of protein. The amphipathic nature of proteins 
can significantly reduce the mechanical energy required to form an emulsion by 
inducing their adsorption at the surface of M globules to reduce interfacial tension 
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(Kinsella, 1976 & 1979), It was found that emulsifying capacity (EC) and stability 
(ES) increased with protein concentration and incubation temperature had no effect 
on EC and ES (Hung and Zayas, 1991). Studies of a variety of model systems and 
different conditions have been carried out to test emulsifying properties of milk 
proteins (Kinsella, 1984). On the other hand, whey proteins have been reported to 
possess good functional properties in emulsified products. Both caseinate and non-fat 
dry milk in model emulsion system showed good emulsifying properties over a range 
of pH and ionic strengths (Pearson, et al, 1965). Emulsifying properties was found to 
correlate with protein and negatively with fiber contents (Katsuham, 1972). Soybean 
products with sufficient whipping ability are successfully used as a substitute for egg 
white in manufacturing of confection, frozen dessert, and etc. (Eldridge et a l , 1963). 
It has been revealed that lupine flours had excellent water absorption, fat absorption 
and whipping .properties，while chickpea showed good whippability and foam 
stability (Sosulski and Garvatt, 1976). The effects of pH and NaCl on the fimctional 
properties of raw and heat-treated process cowpea flour and barinas nut flours have 
been investigated (Padilla, et al, 1996). Some lesser known tropical legumes and 
barinas nut flours were found to have comparable oil absorption capacity witli 
soybean flour, but poor in foam stability (Abbey and Ibeh, 1988). Three Chinese 
indigenous legume seeds were found to have similar EC and ES as soybean flour and 
higher water- and oil- capacities and foam capacity than those of soybean protein 
concentrate (Chan et al., 1997). 
A study of functional properties of proteins is essential to determine their 
potential application as food ingredients in food industry (Haque and Kito, 1984; 
Kinsella, 1984; Parker, 1987). The information on the functional properties 
concerning edible mushrooms are limited. So, the objectives of this chapter are to 
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investigate and assess the functional properties of the edible Pleurotus mushrooms 
and other lesser-known edible mushrooms for the potential food uses. The physical 
properties including color, bulk density and pH and the chemical properties 
including water holding capacity (WHO), oil holding capacity (OHC), emulsifying 
activity/stability (EA/ES), foaming capacity/stability (FC/FS), gelation and nitrogen 
solubility of the above edible mushrooms were studied. Also, the results obtained 
were compared with those of soybean flour. 
3.2 MATERIALS AND METHODS 
3.2.1 Sample preparation 
3.2.1.1 Dry mushrooms. The dry mushroom samples were prepared by the 
methods as described in Section 2.2.1.1. 
3.2.1.2 Fresh mushrooms. The fresh mushroom samples were prepared in 
such a way as mentioned in Section 2.2.1.2. 
3.2.1.3 Soybean flour (defatted). Commercial soybean flour sample (42 % 
protein. Catalog no. 960024, ICN Biomedicals, Inc.) was used. 
3.2.2 Physical properties 
3.2.2.1 Bulk density. The method of Onuma-Okezie and Bello (1988) was 
used with slight modifications. A 50 ml graduated cylinder was gently filled with a 
known amount of mushroom sample and soybean flour. The bottom of the cylinder 
was gently tapped on a laboratory bench several times until the volume of the 
mushroom sample was constant. Bulk density was calculated as dry weight (DW) of 
sample per unit volume of sample (g/ml). 
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3.2.2.2 pH. The method of Onuma-Okezie and Bello (1988) was used. A 10 
% (w/v) aqueous solution of mushroom sample and soybean flour was prepared and 
the pH was measured after thorough mixing. 
3.2.2.3 Color. The color of the mushroom sample and soybean flour was 
evaluated by using a full-scanning spectro-colorimeter (LabScan XE, Hunter 
associates Laboratory, Inc., VA, USA), calibrated with a white tile (L* = 93.2, a* = 
-1.01，b* = 0.66) at 1 0 � C with a D-65 illuminant source. The mushroom sample was 
placed evenly in a glass sample cup having a black cover on it. The color was 
recorded using CLE - L* a* b* uniform color space (CIE-Lab), where L* indicates 
lightness, a* indicates hue on a green (-) to red (+) axis, and b* indicates hue on a 
blue (-) to yellow (+) axis. 
3.2.2.4 Nitrogen solubility. The method of Beuchat et al. (1975) with some 
modifications was used. Nitrogen solubility of a 5 % (w/v) sample suspension over 
pH of a range from 1 to 12 was determined. The 5 % (w/v) sample suspension was 
prepared by mixing the mushroom sample or soybean flour with distilled water. 
During the experiment, the suspension was adjusted to pH 1 to 12 by the addition of 
0.5 M hydrochloric acid and 0.5 M sodium hydroxide and was incubated at 35 
for one hour with continuous shaking at a rate of 250rpm. The suspension was then 
centrifuged at 4800 rpm for 10 minutes and the supematants were filtered. Finally, a 
10 ml of aliquot fiom the supernatant was taken and analyzed for its nitrogen 
content using the Kjeldahl method as described in Section 2.2.2.2. The nitrogen 
solubilized in water was expressed as a percentage of the nitrogen content of the 
mushroom sample. The pHs at which the mushroom sample having the highest and 
the lowest nitrogen solubilities were both determined. 
I l l 
3.2.2.5 Gelation properties. The method of Carcea Bencini (1986) was used 
with slight modifications. Suspensions of mushroom sample and soybean flour at 2, 
4，6，8, ro，12, 14, 16, 18 and 20% (w/v) were prepared. The pH of each suspension 
was adjusted to 7.0 with 0.5 M hydrochloric acid and 0.5 M sodium hydroxide. The 
mixture was added into three test- tubes in 5ml aliquots and heated to 100 in a 
boiling water bath for one hour followed by rapid cooling under running tap water. 
The lowest concentration at which all the triplicates formed a gel that did not 
collapse or slip from the inverted test tube was regarded as the Least Gelation 
Concentration (LGC) of the mushroom sample. 
3.2.2.6 Water-holding capacity (WHC) The method of Carcea Bencini 
(1986) was used with slight modifications. A 10 % (w/v) sample suspension was 
prepared by mixing one gram mushroom sample or soybean flour at its 
pre-determined iso-electric point (Section 3.2.2.4) with 10ml of distilled water and 
was allowed to stand at room temperature for 30 minutes. The mixture was then 
cenlrilugcd at 4800 rpm for 10 minutes. The supernatant was discarded and the 
mixture was oven-dried at 110°C. The weight of the oven-dried sample was 
recorded and the water-holding capacity was expressed as the number of grams of 
water held by one gram of sample in dry weight. 
3.2.2.7 Oil-holding capacity (OHC) The method of Carcea Bencini (1986) 
was used with slight modifications. A 10 % sample suspension was prepared by 
mixing one gram of mushroom sample or soybean flour with 10ml of com oil 
(Mazoia, CPC International, USA) and allowed to stand at room temperature for 30 
minutes. The mixture was then centrifiiged at 4800 rpm for 10 minutes. The 
supernatant was discarded and the weight of the air-dried sample was recorded. The 
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oil-holding capacity was expressed as the number of grams of oil held by one gram 
of sample in dry weight. Density of the com oil was found to be 0.92 g/ml. 
3.2.2.8 Emulsilymg activity and emulsion stability (EA and ES) The method 
of Yasumatsu et al. (1972) was used with some modifications. One gram of 
mushroom sample or soybean flour was added with 12.5 ml of distilled water and 
the mixture was homogenized at 20000 rpm for one minute with a PT-3000 
Homogenizer (Polytron, Kinematica AG, Switzerland). Then, a 12,5 ml of com oil 
was added into the slurry and it was further homogenized at 20000 rpm for one 
minute. The emulsion was centrifuged at 4800 rpm for 10 minutes in a Beckman 
GS-15R centrifuge (Beckman Instruments, Inc., Palo Alto, California). The 
Emulsion activity (EA) was calculated from the ratio of the height of the emulsion 
formed to the total height of the mixture in the test tube before homgenization and 
EA was expressed as a percentage. To determine the Emulsion Stability (ES), the 
emulsion prepared above was heated in a water-bath at 80 °C for 30 minutes and 
cooled to room temperature. The emulsion was then centntliged at 4800 rpm for 10 
minutes. The ES was calculated in the same way as EA and was also expressed as a 
percentage. 
3.2.2.9 Foaming capacity and foam stability (FC and FS) The method of 
Nath and Narasinga Rao (1981) was used with slight modifications. A 2.5 % (w/v) 
suspension was prepared by dissolving 1.25 gram of mushroom sample or soybean 
flour in distilled water. The suspension was then whipped at "Low" speed in a 250 
ml Waring Blender for 5 minutes and their foam volumes were recorded after 30 
seconds. The Foam Capacity (FC) was expressed as percent increase in foam 
volume in ml measured after 30 seconds, and the Foam Stability (FS) was 
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determined by measuring the FC after standing for 5, 30，60 and 120 minutes. 
3.2.3 Statistical analysis. All measurements were done in duplicate except 
the tests for color that were done in triplicate. The data of bulk density, pH, color, 
WHC, OHC, EA, ES, FC and FS obtained were analyzed by one-way analysis of 
variance (ANOVA) and the Tukey's multiple comparisons test to detect any 
significant differences among groups (p<0.05) using a SPSS statistical software. 
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3.3 RESULTS AND DISCUSSION 
3.3.1 Functional properties of edible mushroom samples 
3.3.1.1 Nitrogen solubility (Vo). Figure 3. la-k show that the effect of change 
in pH on the nitrogen solubility of Pleurotus mushrooms was different and hence 
curves in different shapes were noted. The nitrogen solubility of the edible 
Pleurotus mushrooms was generally low and ranged from only 2.15 % to 27.6 %. 
Figure 3. la-k revealed the highest (5.71 % in /! citrinopileatus to 27.6 % in R 
abalones) and the lowest (2.15 % in R eryngii var. nebrodensis to 8.40 % in R 
eryngii) nitrogen solubilities for Pleurotus mushrooms. Nitrogen in most of the 
Pleurotus mushrooms was more soluble in alkaline pH, except that both of R 
ostreatus and P. sapdius had the highest nitrogen solubility at pH 6. All of the 
Pleurotus mushrooms had the lowest nitrogen solubility at acidic pH, except for R 
sapdius (pH 8). 
Figure 3.1 1-y revealed that the lesser-known edible mushrooms liad a great 
difference m the nitrogen solubility between pH 1-12. Generally, the nitrogen 
solubility varied greatly and was low with a range from only 2.76 % {F. velutipes) 
to 27.2 % (A. aegerita). Figure 3.1 1-y revealed the highest (5.76 % in R velutipes 
to 27.2 % in A. aegerita) and the lowest (2.76 % in F. velutipes to 10.3 % in H. 
ramosum) nitrogen solubilities of these edible mushrooms. Nitrogen in most of the 
lesser-known edible mushrooms was more soluble at acidic or neutral pH. Only R 
nameko, A. aegerita, A. hlazei and GK 16 had the highest nitrogen solubility at pH 
greater than 7. The isoelectric points of the lesser-known edible mushrooms 
varied greatly, but most of them were at pH 4 or less，except for S, 
mgoso-ammlata (pH 10), GK 16 (pH 7) and LPK 15 (pH 9). 
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3.3.1.2 Bulk density. Table 3.1 revealed that the bulk density of R eryngii 
(0.21 g/ml) was significantly lower than all the other Pleurotus mushrooms 
(p<0.05)‘ except for R nebrodemis (0.30 g/ml) (p>0.05). R cornucopiae (0.56 
g/ml) had the highest bulk density among all (p<0.05). The bulk density of P. 
eryngii var. ferulae (0.39 g/ml) and R eryngii var. nebrodemis (0.42 g/ml) was 
different to each other. (p<0.05). Only P. eryngii had the same bulk density as L 
edodes (0.21 g/ml) and was similar to that of V. volvocea (0.16 g/ml) (p>0.05). The 
bulk density of A bisporus (0.11 g/ml) was significantly lower than that of all the 
Pleurotus mushrooms (p<0.05), but was similar to those of L. edodes (0.21 g/ml) 
and V. volvocea (0.16 g/ml) (P>0.05). When compared with soybean tlour (0.69 
g/ml), all the Pleurotus mushrooms were significantly lower in bulk density 
(p<0.05). 
S. riigoso-annulata (0.72 g/ml) had the highest bulk density among the lesser 
known edible mushrooms (p<0-05) (Table 3.2), but it was similar to that of 
soybean tlour (0.69 g/ml) (p>0.05). On the other hand, A. chaxinggu (0.09 g/ml) 
had the lowest (p<0.05) bulk density among the mushrooms (Table 3.2). The bulk 
density of all of the lesser-known edible mushrooms was higher than that of A 
bisporus (0.11 g/ml), except A. chaxinggu (0.09 g/ml). 
Grinding or milling procedure would affect the bulk density of sample, which 
was standardized to pass through a screen size of 0.5mm. On the other hand, it 
should be noted that samples 64. chaxinggu, C. comatus, A. bisporus, L edodes 
and V volvacea) prepared by freeze-drying method were in general lower in bulk 
density than those prepared by oven-drying method. This may imply that 
oven-drying method allows a closer arrangement or packing of sample particles. 
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3.3.1.3 pH. Table 3.1 showed that all the Pleurotus mushroom suspension 
were acidic (pH <7). P. eryngii var. nebrodemis was the most acidic one (p<0.05) 
(Table 3.1), except the suspension of P. nebrodemis (pH=5.80) (p>0.05). On the 
other hand, P. eryngii (pH=6.72) was the most alkaline among all the Pleurotus 
mushrooms (p<0.05) and had a similar value to that of soybean flour (pH=6.61) 
and V. volvacea (pH=6.63) (p>0.05). The pH values of R eryngii, P. eryngii var 
ferulae and P. eryngii var. nebrodemis were significantly different to each other 
(p<0.05). R eryngii van ferulae (pH=6.05) is as acidic as L edodes (pH=5.95) 
(:p>0.05). • 
The pH values of the other lesser-known edible mushrooms were shown in 
Table 3.2. All of the aqueous suspensions were acidic (pH<7). H. ramosum had the 
most acidic suspension (pH=4.82) (p<0.05) among all the mushrooms (Table 3.2), 
The suspension of A. chaxinggu was most alkaline (pH=6.45) and its pH was 
similar to that ofGK 16 (pH=6.31) and C. comatus (pH=6.34) (p>0.05). The pH 
value (5.29) of the suspension ofH. erinaceus was significantly higher than that of 
H. ramosum (pH=4.82) (p<0.05). Only the suspensions of A. chaxinggu had a 
similar pH value to that of soybean flour (6.61) and V. volvacea (6.63) (p>0.05). 
The pH of mushroom suspension would be affected by the nature of proteins 
(folding or configuration), which in term affects the protein solubility. Also, the 
amino acid composition, ratio of carboxyl and amino groups of proteins in the 
sample would determine the acidity of the sample suspension. (Garcia, et al.，1997). 
3.3.1.4 Color. The color of the edible Pleurotus mushrooms was shown in 
Table 3.1 and its lightness ranged from 88.1 (P. ery?igif) to 74.5 (R cornticopiae). 
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The greater L value reflected that the mushroom sample had a lighter color. 
Variations in the color of lightness did exist between Pleurotus mushrooms. The 
lightness of P. eryngii (88.1), R eryngii var. ferulae (83.2) and R eryngii var. 
nebrodemis (74.3) were significantly different to each other (p<0.05). Among all, 
R eryngii was the lightest one (p<0.05). R eryngii var ferulae (74.9), R 
citrinopileatus (74.7) and P. cornucopiae (74.5) had a similar degree of lightness 
(p>0.05). The color of A. bisporus (86.4) and V.volvacea (86.7) was significantly 
lighter than that of all the Pleurotus mushrooms (p<0.05), except R ostreatus (87.4) 
(p>0.05). A negative a value indicated that a green color was perceived and a 
positive a value stands for red color. The greater the a value represents the deeper 
the color was. The a value of Pleurotus mushrooms ranged from -0.56 (P. 
ostreatus) to 7.44 {P. adiposa). Most of the Pleurotus mushrooms had positive a 
values with red color of difterent darkness and only R abalones (-0.33) and P. 
ostreatus (-0.56) had slightly negative a values, which indicated that they were in 
very pale green color. The a value o f / ! eryngii (0.75) was significantly lower than 
P. etyngii var. ferulae (3.48) and P. eryngii var. nebrodemis (3.47) (p>0.05), but 
was similar to that of R plumonarius (0.70). The b value indicates the axis from 
blue (-) to yellow (+) color. The greater b value shows a deeper color. The b value 
of the edible Pleurotus mushrooms ranged from 13.8 {R sapdius) to 26.3 [P. 
citrinopileatus) and the positive b values indicated they all were yellow color of 
different darkness. P. eryngii van ferulae (21.5) and R cornucopiae (21.3) were 
similar in b value (p>0.05). However, the b values of the rest of Pleiirtous 
mushrooms were significantly different to each other (p<0.05). 
The color of the lesser-known edible mushrooms was shown in Table 3.2. The 
lightness of these edible mushrooms ranged from 59.5 {R adiposa) to 86.7 (C. 
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comatus). The lightness of F. nameko (70.9) was significantly lower than that of R 
adiposa (p<0.05). GK 16 (79.1) and LPK 15 (85.5) were significantly different to 
each other in terms of the lightness (p<0.05). However, the lightness of/ / , ramosum 
(73.0) and H. erinaceus (77.6) was similar to each other (p>0.05). The lightness of 
the color of C. comatus (86.7), A. aegerita (85.4), H.marmoreus (80.4), G. Frondosa 
(80.7), A. chaxinggu (81.2) and LPK 15 (85.5) were comparable to that of A. 
bisporus (p>0.05). The a value of these lesser-known edible mushrooms ranged 
from 0.67 (C. comatus) to 6.7 (P. adiposa). It meant that all of them were red in 
color with different darkness. The b values ranged from 14.9 {G: frondosa) to 31.3 
{F. vehitipes) and the positive b values indicated they all were in yellow color with 
different darkness. The color of the mushroom samples may be affected by genetics, 
the stage of growth，mushroom species, growing conditions (temperature, lightness, 
watering system and soil compost)，drying methods and conditions (oven/freeze 
drying, temperature, time)，water content, homogeneity of sample and size of sample 
particles (Garcia, et al., 1997). 
3.3.1.5 Gelation. Least Gelation Concentration (LGC) of R eryngii var. 
ferulae�R eiyngii var. nebrodensis, R citrinopileatus and P. cornucopiae as 
shown in Table 3.3 were 14 %, while 10 % for R eryngii, R abalones, R djamor, P. 
nebrodensis and R sapdius. A lower LGC value was noted from P. plumonarms 
and R ostreatus (8 %). The variations in gelling properties were affected by the 
relative ratio of different constituents such as protein, lipid and carbohydrate (Satli 
et al.，1982a). For the other lesser-known edible mushrooms, the LGC (%) values 
as shown in Table 3.4 revealed a great variation among different mushroom 
species. The highest LGC value (20 %) was noted from A. blazei, while A. 
chaxinggu, P. nameko, C. comatus and R velutipes had the lowest LGC value 
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(8%). GK 16 and LPK 15 had the same LGC value (10%). Differences in LGC (%) 
were found in A. chaxinggu and A. aegerita, R narneko and P. adiposa. The LGC 
value of/ / , ramosum (18%) was higher than that o£H. ehnacetis (14%). Only S. 
rugoso-annulata (18%), H. ramosum (18%) and A. blazei (20%) had a higher 
LGC value than soybean flour (16%). 
Table 3.3 revealed that the least concentration for the edible Pleurotus 
mushrooms to form a gel is 8 % (/! plumonarius, R ostreatus and P. sapidus), 
while 8 % (A. chaxinggu, P. narneko, C. comatus and F. velutipes) for the other 
lesser-known edible ones in Table 3.4. A gel is a continuous, three dimensional 
network of connected molecules or particles (such as crystals, emulsion droplets 
or molecular aggregates/fibrils) entrapping in a large volume of a continuous 
liquid phase. .The gel network consists of polymer (polysaccharide and/or protein) 
molecules or fibrils joined in junction zones by hydrogen bonding，hydrophobic 
associations, ionic cross bridges, entanglements or convalent bonds (BeMilier and 
Whistler, 1996). The carbohydrates content o f / ! plumonarius and P. sapidus was 
more than 30 %, while 25% for A. chaxinggu, R narneko, C. comatus and F. 
velutipes. It is known that this component plays an important role in gel formation. 
Starches are composed of a mixture of linear amylose (25%) and highly-branched 
amylopectin. Undamaged starch granules are insoluble and swell slightly in cold 
water. After heating in water, the molecular orders within granules are disrupted. 
Leaching of amylose occur during gelatinization (BeMilier and Whister, 1996). 
The degree of gelatinization depends on granule size，temperature over which 
gelatinization occur, starch/water ratio and granule types. Continuous heating of 
starch granules in excess water results in fiirther granule swelling, additional 
leaching of soluble components and eventually total disruption of granules. A 
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firm and rigid gel formed after cooling (Fennema, 1996). Gel formation can give 
desired textural qualities in food products. The extent of starch gelatinization in 
baked goods strongly affects product properties and the rate of digestion (Kinsella, 
1976). Although the carbohydrate content of P. ostreatus is low, the gel strength 
can be improved by the higher protein content. Protein gelation is a two-stage 
process. The first step involves the initial denatiiration of native protein into 
unfolded polypeptides, which then gradually associated to form the gel matrix, if 
attractive forces and theraiodytiamic conditions were suitable (Tiemststra, 1968). 
Upon cooling, the uncoiled polypeptides associate to form the network. 
Cross-linking may involve multiple hydrogen bonds, ionic attractions, disulfide 
bonds，hydrophobic associations or a combination of them. Gelation can be used 
in food desserts, marshmallow, jellied meats, candies and bakery products (Wolf, 
1970). , 
3.3.1.6 Water holding capacity (WHC). The WHCs of edible Pleurotus 
mushrooms and soybean flour in Table 3.3 ranged from 1.78 (g/g) eryngii var. 
ferulae) to 4.00 (g/g) (R ostreatus). The WHC value of R ostreatus was 
significantly higher among the edible Pleurotus mushrooms (p<0.05) and P. 
eryngii var. ferulae had the lowest WHC (p<0.05). The WHC of P. ostreatus was 
similar to that of V. volvocea (3.73 g/g) (p>0.05) and it was significantly higher 
than those of A. bisporus (3.54 g/g) and soybean flour (3.37 g/g) (p<0.05). The 
WHC of L edodes (4.5 g/g) was significantly higher than all the Pleurotus 
mushrooms and soybean flour (p<0.05). Table 3.3 revealed that the WHCs oi P. 
eryjigii (2.72 g/g), P. eryngii var. nebrodensis (2.29 g/g) and R eryngii vanfeniiae 
(1.78 g/g) were significantly different to each other (p<0.05). 
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Table 3.4 showed that the WHCs of the other lesser-known edible 
muslirooms were varied (1.95 g/g in A. blazei to 4.49 g/g in A. chaxinggu), A. 
chaxinggu had a significantly higher WHC value than A, aegerita (2.54 g/g) 
(p<0.05). The WHCs of R nameko (4.34 g/g) was significantly higher than P. 
adiposa (2.10 g/g). However, GK 16 (2.56 g/g) had a similar WHC to LPK 15 
(3.35 g/g) (p>0.05). Only A. chaxinggu and R nameko had a similar WHC to L 
edodes (4.5 g/g) (p>0.05). 
Table 3.9 showed the total scores of the functional properties (WHC, OHC， 
EA, ES, FC and FS) of the edible Pleurotus mushrooms and the other 
lesser-known ones. Mushrooms in both groups are ranked in descending order of 
the values of each functional property. Table 3.3 revealed that the WHC values of 
edible Pleurotus muslirooms and the other lesser-known ones in descending order 
are P. ostreatus, P. abalones and R djamor and A. chaxinggu, P. nameko and F. 
velutipes, respectively. WHC is the amount of water absorbed or held by one 
gram of dry mushoom sample. This seems that these edible mushrooms mav be 
more hydrophilic due to a higher number of carboxyl and amino groups or 
contains more carbohydrates, which entrap more water than proteins (Ruegg, et al, 
1974). Water absorption tends to increase with the concentration of protein. 
Measurement of the ablity of ingredients to bind water and render it luiavailabile 
for chemical reactions and microbial growth is an important determination in 
studying functional properties. It is known that protein binds water molecules to 
its specific hydrophilic sites (OH, NH2，COOH and C=0) (Ruegg, et al.，1974). 
Difference in water holding capacity (WHC) of the edible mushrooms reflects 
difference in the composition and conformation of the protein. It is suggested that 
each polar amino group could bind one water molecule. Ionic sites in protein 
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molecules are more hydrated than nonionic sites, with an average of four to eight 
water molecules bound to each charged group. Since the average hydration is 
three "molecules of water per amino acid, the remaining residues must be less 
hydrated than the ionic groups (Pauling, 1945). Water binding capacity is an 
important function of protein in viscous foods such as soups, meat rolls, 
comminuted meats，processed cheeses and doughs and it varies with protein 
source, composition and the presence of carbohydrates (hydrophilic 
polyssccharides), lipids, pH and salts (Fleming, et al., 1975). 
3.3.1.7 Oil-holding capacity (OHC). The OHCs of the edible Pleurotus 
mushrooms in Table 3.3 were all significantly lower than that of the common 
edible mushrooms. A, hispoms (5.64 g/g), L edodes (4.53 g/g) and V, volvacea 
(5.59 g/g) (p<0.05). The OHC of soybean flour (1.87 g/g) was significantly lower 
than all of the Pleurotus mushrooms and the three commonly known edible 
mushrooms (p<0.05). P. ostreatus had the highest OHC (6.58 g/g) among the 
Pleurotus mushrooms (p<0.05). P. eryngii van ferulae f2.38 g/g) and P. 
cornucopiae (2.46 g/g) were significantly lower in OHC than the other Pleurotus 
mushrooms (p<0.05). Variations in OHCs did exist between P. eryngii (3.80 g/g), 
P- eryngii van nehrodensis (2.7 g/g) and/^ eryngii var. ferulae (2.38 g/g) (p<0.05). 
Table 3.4 showed that OHCs of all the lesser-known edible mushrooms were 
significantly higher than that of soybean tlour (1.87 g/g) (p<0.05). A. chaxinggu 
had the highest OHC value (7.39 g/g) among these edible mushrooms and it was 
significantly higher than .4. aegertia (2.92 g/g) (p<0.05). Variations in OHC were 
noted between R nameko (3.60 g/g) and P. adiposa (2.40 g/g) and between GK 16 
(3.03 g/g) and LPK 15 (4.47 g/g) (p<0.05). All the lesser-known edible 
mushrooms had a significantly lower OHC value than A. hispoms (5.64 g/g), L 
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edodes (4.53 g/g) and V volvacea (5.55 g/g) (p<0,05)，except LPK 15 (4.47 g/g). 
Basically, the mechanism of OHC was mainly due to the physical entrapment 
of oil by capillary attraction (Kinsella, 1976). Moreover, the hydrophobicity of 
proteins also played a major role in fat absorption (Youtsinas and Nakai, 1983). 
Variations in OHCs might partially due to the different proportions of non-polar 
side chains of the amino acid on the surfaces of their protein molecules (Kinsella, 
1976). Table 3.3 revealed that the OHCs of the edible Pleurotus mushrooms and 
the other lesser-known ones in descending order were P. ostreatus, R eniigii and 
P. critinopileatus and A. chaxinggu, C. comatus and LPK 15, respectively. It 
suggested thai these edible mushrooms may be more lipophilic due to a higher 
number of non-polar amino acid in the composition because fat absorption is 
attributed mainly to the combination of fats to the non-polar groups of protein or 
the availability of liphilic groups (Kinsella, 1976). The edible mushrooms R 
osteatus and /]. chaxinggu have both high values of WHC and OHC \-alues that 
allowed them to be used in food formulations for soup, meat processed cheeses 
and bread making. 
3.3.1.8 Emulsiiying properties. The emulsion activity (EA) and emulsion 
stability (ES) of edible Pleurotus mushrooms were shown in Table 3.5. The EA of 
the mushrooms varied greatly and ranged from only 2.7 % (P. plumonarius) to 
48.2 o/o {P. abalones) and six of them were over 37 %. The lowest EA was noted 
from P. plumonarius (2.7 %), which was similar to those of R ejyrigii (4.46), R 
eryngii var. ferulae (3.54) and R eryngii var. nebrodensis (4.43) (p>0.05). The 
EAs of the rest of the edible mushrooms (Table 3.5) were significantly higher 
(19.1-48.3 %) than those of R eryngii (4.46), P. eryngii var. ferulae (3.54), P. 
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eryngii var. nebrodemis and P. plumonarius (2.70 %) (p<0.05). However, R 
nebrodemis (19.1 %) was significantly lower than R abalones, R citrinopileatus, 
P. cornticopiae, R djamor. R ostreatus and E sapidus (p<0.05). 
Table 3.5 revealed that the emulsion activity (EA) and the emulsion 
stability (ES) of the other lesser-known edible mushrooms were greatly difterent. 
The EA oL4. blazei (55.6 %) was significantly higher (p<0.05) than the rest of the 
edible mushrooms (Table 3.6)，while H. marmoreus had the lowest EA (2.70 %). 
Similar EAs were noted between A. chaxinngii (8.04 %) and A. aegerita (9.81 %) 
and between R nameko (36.8 %) and R adiposa (39.2 %) (p>0.05). However, the 
EA of GK 16 (18.6 %) was significantly higher than that of LPK 15 (18.6 %) 
(p<0.05). H. ramosum had a similar EA (7.59 %) to H. erinaceus (3.46 %) 
(p�0.05). The emulsion of GK 16 was the most unstable one with an only 0.20 % 
emulsion remained after heating (0.50 % of its original emulsion), followed by R 
nameko (3.57 %) which had 9.70 % of its original emulsion (36.8 %). On the 
other hand, the emulsion of S. nigoso-anmilata (45.4%) remained almost 
unchanged after heating. The emulsions ofH. rivtwsum and A. hlazei (7.53 % and 
51.2 %，respectively) were also stable (99.2 % and 92.1 % of the original 
emulsion，respectively). The emulsion of L gigmteus reduced to 48.2 % of its 
original value, which had a similar stability to the emulsion formed by soybean 
flour (50 % of its original emulsion) (p>().05). 
Emulsifying capacity (EC) is defined as the gram of oil that can be 
emulsified by a gram of dry sample，before phase inversion or collapse of 
emulsion occurs. The emulsion activity affects the mouthfeei and texture of foods, 
particularly comminuted meats, extenders or analogues and baked doughs. The 
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EAs of the edible Pleurotus mushrooms and the other lesser-known ones that 
ranked descendingly were R abalones, R ostreatus and R djamor and A blazei, S. 
rugoso-annulata and P. adiposa^ respectively. It revealed that the protein contenxs 
of these edible mushrooms were high (more than 25%), except for P. abalones. 
Besides protein concentration, conditions such as equipment design, shape of 
container, speed of blending, rate of oil addition, temperature, pH，protein source, 
solubility and concentration, kind of oil used, salt (type and concentration), sugar, 
and water content all affect the EC (Saffle, 1968). The amphipathic nature of 
protein induces their absorption at the surface of fat globules that reduce the 
interfacial tension. The mechanical energy required to form an emulsion hence 
significantly reduced. Consequently, the stability of emulsion against coalescence 
is improved. Also，emulsifying properties correlate positively with soluble protein 
and negatively with fiber contents (Kinsella, 1976). 
Emulsion stability (ES) refers to the ability of the sample to form an 
emulsion that remains unchanged for a particular duration under specific 
conditions (Kinsella, 1976). Table 3.5 showed that R erytigii var feruale, P. 
abalones and R ostreatus had a higher ES among the edible Pleurotus mushrooms 
and the other lesser-known ones (S. rugoso-atmulata, H. rainosum and LPK 15). 
It is known that the stability of the emulsions is not affected by fat type, except at 
high concentrations of fat (Kinsella, 1976). Emulsion stability (ES) is affected by 
different protein contents (concentrations), which in turn affect the surtace aclivity. 
The protein will adsorb at the oil-water interface and the amipthatic properties of 
proteins allow the formation of a stable oil-in-waler emulsion. Also, soluble 
proteins are surface-active and known to promote oil in water emulsion (Kinsella, 
1976). 
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3.3.1.9 Foaming properties Table 3.7 showed the foaming capacity (FC) 
and stability (FS) of the edible Pleurotus mushrooms. P. eryngii var. ferulae had 
the lowest FC (32.0 %) among the eleven edible Pleurotus mushrooms. The 
highest FC (64.0 %) was found in R plumonarius, R djamor and R ostreatus， 
which was comparable to that of the soybean flour (65 %) (p>0.05). FCs of most 
the mushrooms (Table 3.7) were above 50%, except P. eryngii var. nebrodensis 
(38 %) and R eryngii var. female (32 %)，which were similar to that of A, 
bisporus (30 %). After 5 minutes, only the foam volume of P. abalones could 
remain unchanged and the foam volumes of R eryngii var. nebrodemis, P. 
citrinopileatus and P. nebrodensis reduced more than half of their original values. 
After 30 minutes, R djamor had a slight decrease in foam volume (64 % to 56 %), 
but R eiyngii var. nebrodensis had a 8 % foam volume only (14.3 % of the 
original foam capacity). Also，the foam volumes of P. eryngii, P. eryngii var. 
nebrodensis, P. eryngii var. ferulae, R citrinopileatus, R nehrodemis and R 
cornucopiae reduced more than half of their original values. Al 60 minutes, P. 
ostreatus had the highest foam volume (40 %) and that was similar to soybean 
flour (46.0 o/o) (p>0.05) and the foam volume (30 %) of P. plumonarius remained 
unchanged from 30 minutes to 60 mnutes. The foam volumes of P. eryngii var. 
ferulae, P abalones, P nehrodemis and R cornucopiae remained unchanged from 
60 minutes to 120 minutes while the foam volume of R ostreatus decreased to 
half (20 o/o) at 120 minutes. After 120 minutes, the foam volume of R djamor was 
the most stable one (31.3% of the FC), while R nebrodensis (7.14% of the FC) 
was the least stable one among the edible Pleurotus mushrooms. All of the edible 
mushrooms (Table 3.7) had a lower FC than V. volvacea and soybean flour, but it 
was comparable to that of L edodes (54%) (p>0.05). 
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Table 3.8 revealed that the foam capacity (FC) of the other lesser-known 
edible mushrooms varied greatly and ranged from only 21.0% (//. jnarmoreus) to 
94% (R nameko). The FCs of A. aegertia (73%), LPK 15 (71%) and R nameko 
(94.0 %) were higher than that of soybean flour (65%) and H. erinaceus (29%) 
had a similar FC to A. bisporus (30%) (p>0.05). Variations in FC between species 
of the same family were noted. After 5 minutes, the foam volumes of the edible 
mushrooms (Table 3.8) decreased at different extent. The greatest foam volume 
was R nameko (88 %) and it followed by A. aegerita (58 %). The lowest foam 
volume was found in H. ermaceus (14 %). The foam volume of/!, chaxinggu was 
the least stable as it decreased to 38.8 % of its original value after 5 minutes, but 
the foam volume formed by R nameko remained 93.6% of its original value. After 
30 minutes, P. nameko had a slight decrease in foam volume to 82%. The foam 
volumes of :4. chaxinggu, A. aegerita, R adiposa, GK 16, LPK 15, C. comatus 
and S. rugoso-atmulata decreased more than half of their foam volumes at 5 
minutes. At 60 minutes, most of the foam volumes of the edible mushrooms 
(Table 3.8) reduced to less than 27% of their origincal values, except that R 
nameko (62%) had 66 % of the original FC. 
Foaming is the capacity to form stable foams with air. The FCs ranked 
descendingly were P. plumonarius, P. djamor, R ostreatus, aegerita^ R nameko 
and LPK 15. The higher protein content of these edible mushrooms may 
contribute to the greater foaming capacity. Foaming is an important functionality 
of proteins in several products such as angel food cakes, sponge cakes, 
divinity-type confections, candy, meringue, souffles, various whipped toppings, 
icings, fudges and nougats (Kinsella, 1976). The foam capacity (FC) can be 
affected by protein source，method of preparation, protein composition, solubility 
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and concentration, pH, temperature and duration of heating, the presence of salts, 
sugar, lipids and method of measurement (BCinsella, 1976). Foam stability (FS) 
refers to the ability of a foam to retain its maximum volume over time and it is 
usually determined by measuring the rate of leakage of fluid from the foam 
(Kinsella, 1976). The foams of R ostreatus, R djamor and P. nameko were 
relatively more stable among the edible Pleurotus mushrooms. Foams usually 
consist of gas droplets dispersed in and enveloped by a liquid containing a soluble 
surfactant. Proteins work by surrounding the air droplets with laters of cohesive 
protein, which have sufficient mechanical strength to prevent coalescence or 
rupture of droplets. A certain degree of spontaneous denaturation of protein would 




Most of the edible Pleurotus mushrooms and the lesser-known mushrooms had a 
low nitrogen solubility. Proteins from Pleurotus mushrooms were more soluble in 
alkaline pH. On the other hand, proteins from the lesser-known mushrooms were 
more soluble at acidic or neutral pH. R eryngii had the lowest bulk density among 
the edible Pleurotus mushrooms and all of them were significantly lower in bulk 
density than soybean flour (p<0.05). S. nigoso-ofmidata had the highest bulk density 
among the other lesser-knovvn ones (p<0.05), but it was similar to that of soybean 
flour (p>0.05). The suspensions of edible Pleurotus rmishrooms and the other 
lesser-known ones were acidic (pH below 7). The aqueous suspension of R ayngii 
var. female was the most acidic among the edible Pleurotus mushrooms. Only the 
suspensions of A chaxinggu, GK 16 and C. comatus had a similar pH value to that 
of soybean flotir and V. volvacea (p>0.05). Variations in color did exist between the 
edible Pleurotus mushrooms and the other lesser-known ones. Most of them were 
red color of different darkness. The LGCs (8-14 %) of the edible Pleurotus 
muslirooms were lower than that of soybean flour (18 %). For the other 
lesser-known edible ones, variations between species were great that the highest 
LGC value was found in A. blazei (20 %). R ostreatus had the highest WHC value 
among the edible Pleurotus mushrooms and soybean flour (p<0.05). The lowest 
WHC was found in P. erymgii var. female (p<0.05). The WHCs of the other 
lesser-known edible mushrooms varied and variation did exist between species of A 
aegerita and A chaxinggu, P. narneko and P. adiposa, as well as GK 16 and LPK 15. 
The OHCs of the edible Pleurotus mushrooms were all significantly lower than that 
of the common edible mushrooms (p<0.()5), but were higher than that of soybean 
flour (p<0.05). For the other lesser-known ones, the OHC values of all of them were 
higher than that of soybean flour (1.87 g/g). The EA of the edible Pleurotus 
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mushrooms varied greatly (27 % -48.3 %) and six of their EAs were over 37%. A. 
blazei (55.0 %) had the highest EA among the edible lesser-known ones (p<0.05). 
The emulsion formed by S. nigoso-annulata (45.4 %) remained almost unchanged 
after heating and emulsions of H. ramosum and A. blazei (7.53 % and 51.2 %, 
respectively) were also stable. P. eryngii van ferulae had the lowest FC (32 %) 
among the edible Pleurotus mushrooms. The highest FC (64 %) was found in P. 
plumonarius, P. adjtnor and R ostreatus, which was comparable to that of soybean 
tlour (65 %) (p>0.05). Only the foam volume of P. abalones could remain 
unchanged after 5 minutes. At 60 minutes, P. ostreatus had the highest foam volume 
(40 %) that was comparable to soybean flour (46 %). The foam volumes of R 
eryngii var. nehrodensis�P. nebrodemis, P. cornucopiae and R abalones remained 
unchanged at 120 minutes. The FCs of all the edible Pleurotus mushrooms were 
lower than that of V. volvacea and sovbean flour. The FCs of the other lesser-known 
w/ 
ones varied greatly and only the FCs of A aegerita (73 %), LPK 15 (77 %) and P. 
nameko (94.0 %) were greater than that of soybean flour (70 %). The foam volume 
of A chaxinggu was the least stable one and that o f n a m e k o remained 93.6 % of 
its original value after 5 minutes. At 60 minutes, most of the lesser-known edible 
mushrooms had a reduced foam volume (less than 27 % of their original FC). 
Overall, the total scores of the functional properties of the edible Plei4roti4S 
mushrooms ranked ascendingly were 9, 20 and 23 for R ostreatus�R abalones and P. 
djamor, respectively (Table 3.9). For the other lesser-known ones, the total scores of 
the functional properties ranked ascendingly were 28, 28 and 33 for P. nameko’ LPK 
15 and R velutipe, respectively. These edible mushrooms have a potential to be used 
in food fomiuiations and the use of their proteins can be further investigated in terms 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER FOUR: NUTRITION EVALUATION - IN VITRO AND IN VIVO 
PROTEIN DIGESTIBILITY OF EDIBLE PLEUROTUS MUSHROOMS AND 
OTHER LESSER-KNOWN EDIBLE MUSHROOMS 
4.1 INTRODUCTION 
As the cost of animal protein is gradually increasing, mushrooms offer a 
cheaper way to bridge the problem of an enlarging protein gap in developing 
countries (Sarwar, 1996). As the recent demand of commercially cultivated 
mushrooms is increasing, the potential to develop the utilization of lesser-known 
edible mushrooms is great. Evaluation of the nutritional values and functional 
properties of some uncommon and relatively underutilized edible mushrooms 
cultivated in China becomes important. Although some mushrooms are high in 
protein content, they still contain several anti-nutrients such as trypsin inhibitors, 
tannins and phytate that may limit the bioavailability of their proteins (Dabbour and 
Takniri, 2002). Only limited data are available for evaluating the protein quality of 
lesser-known edible mushrooms and their protein concentrates for both in vitro and 
in vivo studies. 
Some previous findings revealed that edible mushrooms lack 
sulphur-containing amino acids (Dabbour and Takruri, 2002)，but overall they 
contained adequate levels of essential amino acids to meet human requirements 
(Manila et a].，2001). Also, the protein quality of edible mushrooms was found to be 
intermediate between ideal proteins from animal sources and low-qualily cereal 
sources and comparable to that of most legumes. 
In this chapter, the aims were to evaluate the biological values (Protein 
Efficiency Ration (PER), Net Protein Ratio (NPR) and True Protein Digestibility 
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(TPD)), protein digestibility corrected for amino acid scores (PDCAAS) and the 
growtli performance (weight of vital organs) of several lesser-known edible 
miishroom samples in Sprague Dawley rats. Eight edible mushrooms {P. 
citrinopileatus，P. eryngii var. feruale, R ostreatus，A. bisporus, A. blazei, P. adiposa, 
S. rugoso-annulata and V. volvacea) contained a relatively higher level of protein 
(22.4-31.9 %) would be used for in vivo biological evaluation. A control and eight 
mushroom-based diets were prepared to contain 10 % casein or an equivalent 
amount of protein from the edible mushrooms. Together with a protein-free diet 
group, the rats were fed with the testing diets for two weeks and the results obtained 
were used to compare with that of the control diet. Also, the in vitro protein 
digestibility (IVPD) values of these mushrooms were measured and compared with 
that of soybean flour. 
‘ 4.2 MATERIALS AND METHODS 
4.2.1 In vitro nutritional evaluation 
4.2.1.1 Sample preparation 
4.2.1.1.1 Dry mushrooms. The dry mushroom samples {P. 
citrinopileatus, P. eryngii var. female, A. blazei, R adiposa, S. rugoso-ammlata) 
were prepared by the method as described in Section 2.2.1.1. 
4.2.1.1.2 Fresh mushrooms. The fresh mushroom samples iP. ostreatus, 
A. bisporus, V. volvacea) were prepared in such a way as mentioned in Section 
) 2 1 ) 
4.2.1.2 In vitro protein digestibiiity. The in vitro protein digestibility (IVPD) 
was determined by the multi-enzyme method of Hsu et al. (1977). The mushroom 
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samples were steamed at 100 ''C for 5 minutes before mixing with distilled water to 
give a suspension that contained 4.38 mg protein per mL The pH of the aqueous 
suspension was adjusted to 8.0 with 0.5 N hydrochloric acid and 0.5 N sodium 
hydroxide, followed by incubating at 37 Fifty millitres of the suspension and 5 
inillilitres of an enzyme mixture * were mixed and incubated at 37 °C for exactly 10 
minutes with continuous shaking. The change in pH of the mixture after 10 minutes 
was recorded and used to calculate the percent of IVPD (Y) using the equation as 
shown below: 
Y = 210.464 - 18.10 X (where X is the pH change after 10 minutes) 
* Enzyme mixture: It was prepared by dissolving enzymes in distilled water, 
adjusted to pH 8.0 with 0.5 M hydrochloric acid and 0.5 M sodium hydroxide, and 
maintained in an ice bath. Each ml enzyme solution contained 1.6 mg porcine 
pancreatic trypsin (EC 3.4.21.4, 15200 units/mg protein, Sigma T-00303), 3.1 mg 
bovine pancreatic chymotrypsin (EC 3.4.21.1, 54 units/mg protein, Sigma C-4129) 
and 1.3 mg porcine peptidase (EC 3.4.11.10, 102 units/g solid, Sigma P-7500). 
4.2.2 In vivo nutritional evaluation 
4.2.2.1 Sample preparation 
4.2.2.1.1 Dry mushrooms. The dry mushroom samples {P. 
citrinopileatus, P. eryngii var. female, A. hlazei, P. adiposa and S. rugoso-cnmulata) 
were prepared by the method as described in Section 2.2.1.1. 
4.2.2.1.2 Fresh mushrooms. Tlie fresh mushroom samples (.4. hispoms, V. 
volvacea and R ostreatus) were prepared m such a way as mentioned m Section 
2.2.1.2. 
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4.2.2.2 Preparation of diets. The AJN-93G purified diet was used with some 
modifications (Table 4.1). Each diet was made up of a single batch of 1.5 kg 
containing 10 % protein from the mushroom sample, except the control that 
contained 10 % casein (about 90 % protein, Teklad，Madison, WI). While cellulose 
was the sole source of dietary fiber for the control diet, dietary fiber in the 
mushroom sample, supplemented with cellulose, was the major source of dietary 
fiber for the testing diets. Dextrinized com starch, com starch and surcose were the 
major carbohydrate source and the lipid source was mainly from com oil. In the 
protein-free diet, its 10 % protein conent was replaced by the same amount of 
cornstarch. In the preparations of diets, the mushroom samples m powder form were 
steamed at 100 °C for 15 minutes before mixing. Choline bitartrate and com oil 
were thoroughly mixed by a diet mixer. The com oil mixture was then thoroughly 
mixed with the rest of the other ingredients. Water was added to the mixtxire to 
dissolve and mix the ingredients. The dough formed was then pelleted and 
oven-dried at 60 °C overnight. After cooling to the room temperature, the diet was 
stored in plastic bags and kept at -20 °C until use. 
4.2.2.3 Experimental design. Twenty-four weaning male Spragiie Dauiey 
(S.D.) rats with average initial body weight of 90 土 10 g were obtained from the 
Animal Mouse of the Chinese University of Hong Kong. Six S.D. rats were 
randomly assigned to each of the four expenmenlal diet groups including a 
protein-free group. All the testing rats were housed in individual screen-bottomed, 
stainless steel cages in a room maintained at 18 - 26 20 - 70 % humidity and 
with a 12 h light-dark cycle. The animals were fed with standardized laboratory rat 
chow for two days. At the beginning, the initial body weight was recorded. The 
animals had free access to food and water for two weeks. During the feeding period, 
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the food intake of each group was recorded and the food was refilled once every two 
days. After a four-day preliminary period, a five-day balance period was conducted 
dining which the feces were collected, freeze-dried, weighed and stored in an 
airtight plastic container. At the end of the experiment, the final body weight of the 
rats, total food intake and total food spilled were recorded. After being anesthetized 
using diethyl ether, the internal organs of the animals including heart, liver, speen, 
kidney and caceum were removed, washed and weighed. Totally, there were eight 
mushroom diets to be tested. In each experiment, two mushroom diets together with 
a control (casein) and a protein-free diet group were under testing. 
4.2.2.4 Post-feeding analysis 
4.2.2.4.1 Overall growth performance. The food intake, protein 
intake and body weight gain of the testing animals at the end of the feeding period 
were calculated and expressed as gram of food consumed per clay (g/day), gram of 
protein consumed per day (g/day) and gram of body weight gained per day (g/day), 
respectively. The weight of the internal organs of the rats were expressed as a 
percentage of the final body weight of rats • 
4.2.2.4.2 Protein efficiency ratio (PER). The PER was expressed as gram 
of body weight gained per gram of protein intake for the testing animals during the 
balance period. 
4.2.2.4.3 Net protein ratio (NPR). The NPR of the mushroom protein was 
determined as follows: 
NPR = (Weight gain on test diet + Weight loss on protein-free diet) 
Protein intake from test diet 
152 
4.2.2.4.4 In vivo protein digestibility. The dried feces obtained during 
the feeding period as described in Section 4.2.2.3 were milled to a fine powder using 
a mortar； The total nitrogen content of the diet consumed and that in feces collected 
were determined using the Kjeldahi method. The true protein digestibility (TPD) % 
oftlie mushroom protein was determined as follows (FAOAVHO, 1991): 
TPD % = {N/ - (F« - _ } / N / X 100 % 
where N/ was the nitrogen intake (mg), was the fecal nitrogen (mg) and M/i was 
tlie iecal metabolic nitrogen loss (mg) (from the protein-free diet). All the. data used 
were the total amount measured by the end of the five-day balance period. 
4.2.2.4.5 Protein digestibiUty Corrected for Amino acid Scores (PDCAAS). 
The PDCAAS of the mushroom protein was determined by the following eqiwtion: 
PDCAAS = True protein digestibility (TPD)办x lowest amino acid score 念 
** TPD value as determined in Section 4.2.2.4.4 
办 Amino acid scores for the nine essential ammo acids were calculated using a 
. . human pattern of amino acid requirements for pre-school children (2-5 year olds) 
(FAO/WHO, 1991) (Section 2.3.2). 
4.2.3 Statistical analysis. All data of IVPD were obtained and 
expressed as mean (n 二 2), while all data of In vivo nutritional evaluation were 
expressed as means of duplicates. Ail the results obtained were analyzed by one-way 
analysis of variance (ANOVA) and the Tukey's multiple means comparisons test to 
detect any significant differences among groups (p<0.05) using a SPSS statistical 
software. 
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4.3 RESULTS AND DISCUSSION 
4.3.1 In vitro protein digestibility of the edible mushrooms samples. The 
in vitro protein digestibility (IVPD) of soybean flour (81.4%) was significantly 
higher (p<0.05) than all the mushroom samples (Table 4.2). Among the eight 
mushroom samples being investigated, the highest IVPD was contributed by A. 
blazei (74.6%), which was comparable to that of P. adiposa (71.6%), R 
citrinopileatus (73.6%) and R ostreatus (73.4%) (p>0.05), but was significantly 
higher than that of H. ramosum (70.7%), S. nigoso-annulata (69.7%), A. aegerita 
(68.8%) and P. eryngii var. ferulae (69.3%) (p<0.05). Among the three edible 
Pleurotus species, the IVPDs of P. ostreatus and P. citrmopileatus was similar to 
each other (p>0.05)，but they were both significantly higher than that of P. eryngii 
var. ferulae (69.3%) (p<0.05). The IVPDs (68-74%) of these edible mushrooms 
were similar to those of some legumes and peas (Barampama & Simard, 1994; Chan, 
1997). When compared to proteins from animal sources (Ezqueira et. al., 1999), 
IVPDs of these edible mushrooms were found to be lower. So, the protein quality of 
them is in-between animal and plant-based proteins. Although in vitro protein 
digestibility method is fast and simple and it involves only a small amount of sample, 
the results can be affected by the nature of food protein (foldings or configuration), 
the presence of non-protein substances (dietary fibers or carbohydrates) and 
antiphysiological factors (tannins, phytic acids and polyphenolic compounds) in the 
food sample. 
4.3.2 Food intake, body weight gain and overall growth performance of 
animals of in vivo nutritional evaluation. As shown in table 4.3, the rats fed with 
casein diet had the highest food intakes (16.4 g/day/rat), which was significantly 
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higher than that of A.blazei (11.3 g/day/rat)’ P. adiposa (11.4 g/day/rat) and S. 
nigoso-aimiilata (10.2 g/day/rat) diets (p<0.05). The food intakes of P. 
citrinopileatus (13.7 g/day/rat), P. eryngii van female (15.3 g/day/rat) and P. 
ostreatus (16.1 g/day/rat) diet groups were lower (p>0.05). The body weight gain of 
the casein diet was significantly higher than that of P. eiyngii var. female (2.94 
g/day/rat), .4. bkxzei (1.49 g/day/rat), P. adiposa (0.88 g/day/rat) and S. 
ntgoso-annulata (0.75 g/day/rat), A. bisporus (2.12 g/day/rat) and K volvacea (1.29 
g/day/rat) (p<0.05) diet groups, but was similar to that of R citrinopileatus (3.60 
g/day/rat) and P. ostreatus (3.95 g/day/rat) (p�0.05). Variations in liver were small 
and the highest liver weight was from casein diet (4.75g/100g rat), which was 
significantly higher than all the other edible mushrooms showed in Table 4.3 
(p<0.05), except R citrmopileatiis diet (4.40 g/lOOg rat) (p>0.05). R c'Uhnopileatus 
diet group had a significantly higher liver weight than R eryngii. var female (3.42 
g/lOOg rat)，P. ostreatus (3.71 g/lOOg rat) and P. adiposa (3.64 g/lOOg rat) (p<0.05). 
It seems that P. citrinopileatus might have a better effect to liver growth. The kideny 
weight (1.07g/l00g rat) of the R citrinopileatus diet was the same as that of A. 
bisporus. Small variations among these edible mushrooms suggested that they were 
good for kidney function and growth. V. volvacea diet had the same heart weight as 
the casein diet (0.38 g/lOOg rat) (p>0.05) and it suggested that protein from V. 
volvacea bad a better effect to heart tissue growth The heart weight of P. 
citrinopileatus (0.35 g/lOOg rat), P. eryngii var. female (0.36 g/lOOg rat) and P. 
ostreatus (0.37 g/lOOg rat) diet groups was similar to each other (p>0.05). Variations 
in spleen weight were small among the mushrooms diet. The spleen weight of the 
casein diet (0.20 g/lOOg rat) was the highest and it was significantly higher than P. 
citrinopileatiis (0.17 g/lOOg rat), P. etyngii var. female (0.16 g/lOOg rat) and A. 
bisporus (0.16 g/lOOg rat) (p<0.05). A great variation in caceiim weight was noted 
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among these edible mushrooms (Table 4.30 (p<0.05). The rats fed with A. hispoms 
mushroom diet had the highest caceum weight (7.90 g/lOOg rat). A. biazei diet also 
had a high caceum weight (6.29 g/lOOg rat). 
The food intakes of rats fed with diets contained the same amount of protein 
(10 %) from eight different edible mushrooms were shown in Table 4.3. The crude 
protein contents of the eight edible mushrooms were 24.7 % (R citrinopileatus), 
22.4 % {P. eryngii 观 ferulae), 27.8 % (R ostreatus), 28.3 % (/I. bisporus), 29.3 % 
(A blazei), 25.4 % {R adiposa), 27.9 % (S. rugoso-annulatd) and 31.9 % (I: 
volvacea), respectively. The nutritional values of the three selected Pkriitous 
mushrooms, the other three lesser-known edible mushrooms, together with the two 
commonly known edible ones were compared with that of the casein diet in terms of 
the body weight gain and the overall growth performance of the testing rats. The 
relatively higher crude protein contents of these edible mushrooms can allow a 
lesser amount of sample to provide the same percentage of protein in the testing diet. 
P. ostreatus diet had a similar food intake and body weight gain as that of the 
, c a s e i n diet. However, less lower body weight gain of the P. ostreatus diet suggested 
that casein is of a better quality to support the growth of the rats. R eryngii var. 
ferulae diet had a similar food intake, but had a significantly lower body weight gain 
than that of the casein diet (p<0.05). This may be due to difference in protein quality 
and amino acid composition. However, it should be noted that the amount of 
mushroom diets consumed by the rats could be affected by the smell, taste and 
texture of the mixed diet. Also, lack of palatability of mushroom diets might affect 
the food consumption and in term have a negative effect on rat growth (Sarware and 
McDonough, 1990). 
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When comparing the three Pleurotus diets, a lower food intake of P. 
citrinopileatus diet giving a higher body weight gain suggested that protein from P. 
ciirinopileatits was better in supporting growth in rats than R erytigii var. ferulae. 
Although A. hispoms diet has a higher food intake, its body weight gain 
(2.l2g/day/rat) was much lower than that of R citrinopileatus (3.60g/ckiy/rat) 
(p<0.05). It suggested that protein from A. hispoms is relatively poorer to support 
the rat growth. A great variation in caceum weight was noted among these edible 
mushrooms (Table 4.3) (p<0.05). The A bisporus diet had the highest caceum 
weight (7.90 g/lOOg rat) and the A hlazei diet also had a high caceum weight (6.29 
g/lOOg rat). However, the amoiint of dietary fiber in the diet contributed from A 
bisporus was relatively lower. The enlarged caceum (p<0.05) maybe resulted from 
the fermentation of undigestible carbohydrates by the bacteria present in the large 
intestine that may affect the protein digestibility (Wong, 1997). Many fibers are 
suitable substrates for gut bacteria. A considerable portion of the inherent energy is 
released by gut bacteria in the form of very short-chain fatty acids, of which 
pnnicipally are acetate, propionate and butyrate. The rest of the short-chain fatty 
acids is used for energy and degraded aerobically to carbon dioxide and water and 
anaerobically to hydrogen and sometimes methane. Fermentation reduces the protein 
digestibility by its action of promoting microbial growth (BeMiller and Whistler, 
1996). Viscosity also reduces the protein digestibility by slowing down protein 
digestibility and absorption in small intestine (Gallaher and Schneeman, 2001). 
llie presence of alkaloids and tannins m mushrooms has been reported to cause 
liver necrosis and tannins were known to retard growth by reducing digestion and 
absorption of amino acids and minerals (Adewusi et a l , 1993). Phenolic compounds 
that complex with protein decrease amino acid availability (DaDamio and 
157 
Thompson, 1992). It has also been suggested that a higher requirement of rats for 
sulphur-containing amino acids (methionine and cystine), histidine, isoleucine, 
threonine and valine would underestimate the protein quality of mushrooms as a 
human food (Boutiif, 1991; FAO, 1991). The lower body weight gain contributed by 
the P. adiposa and S. nigoso-annulata diets suggested that both mushroom proteins 
may not be a good source for the growth of rats，but were good for their 
maintenance. 
4.3.3 Protein efficiency ratio (PER), Net protein ratio (NPR), In vho protein 
digestibility and Protein digestibility corrected for amino acid scores (PDCAAS) 
of edible mushrooms. The food and protein intake of R ostreatus diet (21.8 
g/day/rat and 1.93 g/day/rat) were significantly (p<0.05) higher than the other edible 
mushrooms listed in Table 4.4. 'Fhe body weight gam of P. ostreatus diet (7.45 
g/day/rat) was sig^iificantly (p<0.05) higher than that of the other edible mushrooms 
and the casein diets (Table 4.4). However, the body weight gain oi P. citrinopileatus 
(4.6 g/day/rat) diet was similar to that of the casein diet (p>0.05). The PER of P. 
citrinopileatus diet group (4.10) was insignificantly different to that of R eryngii var. 
ferulae (3.23) and P. ostreatus (3.86) (p>0.05), but was significantly higher than that 
of A. blazei, P. adiposa, S. rugoso-annulata, Abisporus, V volvacea and the casein 
diet groups (p<0.()5). The NPR of R citrinopileatm (4.77) was insignificantly 
different to that of R eryngii var. female (3.88) and R ostreatus (4.42) diets (p>0.05), 
but was significantly higher than that of A. bisporus (2.61), A blazei (2.98), S. 
nigoso-annulata (3.00) and casein (2.37) diets (p<0.05). The TPD of casein diet 
(92.8%) was significantly higher than that of the edible mushrooms (Table 4.4) 
(p<0.05), except P. ostreatus (84%) (p>0.05). The TPDs of the three edible 
Pleurotus mushrooms were similar to each other (p>0.05) and they were 
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significantly higher than that of A blazei (68.4%), R adiposa (73.9%), A. bisporus 
(71.3%), V. volvacea (75.1%) and S‘ nigoso-anmilata (72.2%) (p<0.05). 
R citrinopileatus diet has a significantly higher PER value than casein diet and 
the other edible mushroom diets (Table 4.4), except that R eryngii var. ferulae and R 
ostreatus diets. Although the food intake of P. ostreatus diet was significantly higher 
than that of R citrinopileatus and P. eryngii var. ferulae diets, the body weight gain 
cannot actually reflect wholy the protein quality provided by R ostreatus. The PER 
value for R ostreatus (3.86) suggests that its protein quality in terms of supporting 
growth -was as good as that of R dtrmopileatus and P. eryngii var. ferulae. PER 
measures the gram of body weiglit gam per gram of protein consumed. A protein 
source that, may not support growth and have a zero PER may still be adequate for 
maintenance purposes (Boutrif, 1991 ； FA(), 1991). 
On the other hand, NPR can show the quality of protein that can both for 
maintenance and supporting gxoulh (Boutnf，1991; FAO，1991). A higher NPR 
value reflected that protein irom R dmnopileatus is better than the other edible 
mushrooms in both supporting growth and maintenance. The higher NPR value of R 
adiposa diet suggested that its protein is better in maintaining the life of the rats than 
that from A. bisporus. 
Proteins that different in their nutritive values are due to the difTerence m the 
content of essential amino acids and digestibility. High-quality proteins are those 
that contain all the essential amino acids at levels greater than the FAX)/WHO 
reference level of 320 mg/g protein for pre-school (2-5 years) and have a 
digestibility comparable to or better than those of egg white or milk proteins 
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(Boutrif, 1991; FAO，1991; Dabbour and Takruri, 2002). 
Overall, animal proteins are better in quality than plant protein (Boutrif, 1991; 
FAO, 1991 and Dabbour and Takruri, 2002). Proteins of cereals (rice, barley and 
maize) are low in lysine, but rich in methionine. Proteins from oilseeds and legumes 
are deficient in methionine, but nch in lysine (FAO, 1991). A diet containing 
appropriate amounts of edible mushrooms, legumes and cereals provide a complete 
and balanced level of essential amino acids that was adequate to support growth and 
maintenance. Usually, proteins of plant ongin provide adequate-levels of threonine, 
valine, isoleucine, leucine, tyrosine and phenylalanine that was same as animal 
proteins (Fennema, 1996). 
True protein digestibility (TPD) can show the amount of nitrogen absorbed 
from the diet. Overall, all the edible mushroom diets had a lower TPD value than the 
casein diet group (92.8 %). TPDs of the three Pleurotus mushrooms (79.9-84.0 %) 
were all significantly higher (p<0.05) than the other edible mushrooms (Table 4.4). 
However, A. blazei diet had a significantly lower TPD (68.4 %) than all the other 
mushroom diets in Table 4.4. Digestibility of animal proteins of egg, milk cheese is 
97%, 95% and 88%, respectively. For some plant-origin proteins of peas，soybean 
flour，bean, com, rice and wheat，their digestibilities were 88 %，86 %，78 %: 70 %, 
75 % and 77 %, respectively. (FAO, 1991; Fennema, 1996). Hence, the protein 
quality of these edible mushrooms is in-between animal and plant-basedin (legumes 
and beans) proteins. Difference in protein digestibility may arise from inherent 
differences in the nature of food protein (protein configuration, amino acid bonding); 
the presence of non-protein constituents which modify digestion (dietary fiber, 
tannins and phytates); from the presence of antiphysiological tactors or processing 
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conditions that alter the release of amino acids from protein by enzyme process 
(Boutrif, 1991 and Dabbour and Taknin, 2002 ). 
There are other factors that affect the protein digestibility. The interactions of 
protein with polysaccharides and dietary fiber reduce the rate and completeness of 
hydrolysis (Boutrif, 1991). The presence of the antiniitritional factors (trypsin and 
chymotrysin inhibitors and lectins) impairs the complete hydrolysis of protein by 
pancreatic protease (Dabbour and Takruri, 2002). Lectins, which are glycoproteins, 
bind to intestinal mucosa cells and interfere with amino acid absorption. Also, they 
are known as phytohemagglutinins because they cause agglutination of red blood 
cells. Lectins exhibit a high binding affinity for carbohydrates and impair the protein 
digestion and cause intestinal malabsorption of other nulnenls. The latter 
consequence resulted from binding of lectins to membrane glycoproteins of 
intestinal mucosa cells is the alteration of their morphology and transport properties 
(Boutrif, 1991). Tannins, which are condensed products of polyphenols, convalently 
react with 8-amino groups of lysyl residues. This inhibits trypsm-catalyzed cleavage 
of lysyl peptide bond. Inaclivalion and complexation of trypsin and chymotrypsin by 
these inhibitors induce overproduction and secretion of these emzymes by pancreas, 
which can lead to pancreatic hypertrophy and pancreatic adenoma (Dabbour and 
Takriin，2002). 
The essential amino acid levels of egg, soybean, field bean and pea were 512 
mgyg protem, 466 mg/g protein, 379 mg/g protein and 394 mg/g protein, 
respectively (FAO, 1991). Each essential amino acid in a test protein with the lowest 
chemical score is the limiting amino acid in the test protein. An assumption 
underlying chemical score is that all test proteins are fully or equally digestible and 
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that all essential amino acids are folly absorbed (FAO, 1991 and Boutrif, 1991). All 
the three edible Pleurotus mushrooms and R adiposa were deficient in lysine, while 
A. blazei and S, rugoso-ammlata were deficient in valine and A. hisporus and V. 
volvacea were in a deficiency of leucine. 
However, chemical score cannot actually reflect the difference in absorption, 
digestion and utilization of amino acid due to the more rapid absorption of 
crystalline amino acids than the protein-bound amino acids (FAO, 1991 and Bourif, 
1991). Also, the chemical score method does not distinguish between D- and 
L-amino acids since only L-amino acids are usable in animals and so the chemical 
score will overestimate the nutritive values of a protein. Moreover, the method is 
incapable of predicting the negative effects of high concentrations of one essential 
amino acid on^the bioavailability of other essential amino acids. Finally, it does not 
account for the effect of antinutritional factors in a diet (Bounf, 1991). 
So，chemical scores are usually corrected for protein digestibility. PDCAAS is 
a simple and scientifically sound approach for routine evaluation of protein quality 
of foods. It readily identities the limiting amino acid in a protein source of a diet. 
Also it provides information about the supplementation and complementation 
potential of a protein source. So, PDCAAS can evaluate both the quality and quality 
of a protein source (FAO, 1991). The multiplication of TPD and the limiting ammo 
acid score gives the resulted PDCAAS. V. volvacea diet gave the highest value (0.75) 
among all the mushroom diets and the PIX'AAS values of the other mushroom diets 
ranged from 0.48 (48%) to 0.61 (60%) (Table 4.4). Soybean products have a high 
PDCAAS score (0.92-0.99). However, rapeseed protein products have a lower 
PDCAAS score of 0.83-0.93. Gluten and sunflower protein isolates are severely 
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limited in lysine and so a low PDCAAS (0.25-0.37) is resulted. Rice-wheat gluten, 
whole wheat and roll oats contain low levels of lysine (0.26,0.40,0.57) (FAO, 1991; 
Bourif, 1991 and Fennema, 1996). On the other hand, PDCAAS of casein (milk 
protein), egg white, soybean isolate, kidney bean (canned) and whole wheat were 
1.00,1.00, 0.99, 0.68 and 0.4 respectively (FAO, 1991). Improvement of a protein 
source can be made by adding supplementan' protein or the limiting amino acid and 
by protein complementation. 
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4.4 SUMMARY 
The in vitro protein digestibility (IVPD) of all the eight edible mushrooms was 
significantly lower than that of soybean flour (p<0.05). The highest IVPD was noted 
in A. blazei (74.0%). The IVPD of P. plumonarius and R citrinopileatus were 
significantly higher than that of R eryngii van female (p<0.05). The rats fed with the 
casein diet had the highest food intake, which was significantly higher than that of A 
blazei, P. adiposa and S. rugoso-annulata (p<0.05). R citrinopileatus, R ostreatus 
and P. eiyngii var. ferulae had a similar food intake as the casein diet (p>0.05). 
Overall, all the eight edible mushrooms being tested in this chapter had no adverse 
effect on the growth of the internal organs (heart, spleen, kidney, caecum and liver) 
of the rats being tested. However, A. hisponis and A. blazei diets were significantly 
higher in caecum weight than the other mushroom (Table 4.4) and the casein diets. 
ITie food and protein intakes of R ostreatus diet were significantly higher than the 
rest of edible mushroom and the casein diets (p<0.05). P. citrinopileatus diet had the 
highest PER value, but it was insignificantly different to that of P. eiyngii var. 
female and P. ostreatus (p>0.05). The true protein digestibility (TPD) of casein diet 
(92.8%) was sigiiilicantly higher than all the eight edible mushrooms (p<().05) 
(Table 4.4). Overall, proteins from P. ostreatus, R citrinpileatus and P. eryngii var. 
female were of a better quality to support growth (in terms of the body weight gain, 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER FIVE: CONCLUSIONS 
The chemical composition, functional properties and nutritional values of some 
novel edible mushrooms were studied. The edible Pleiiortus mushrooms and the 
other lesser-known ones were found to be a good source of protein, dietary fiber and 
contained sufficient amount of essential amino acids. Moreover, they were low in 
levels of lipid and energy. A high level of potassium and low levels of sodium, 
magnesium and calcium were found in these mushrooms. Mushroom TDF consisted 
predominantly of IDF and a small amount of SDF. The monosaccharide profiles of 
IDF and SDF of the edible Pleurotus mushrooms and the other lesser-known ones 
were similar and the major sugar constituent was glucose, followed by a small and 
varied amount of mannose, galactose and xylose. On the other hand, the levels of 
glucosamine and uronic acids were low in the miishroom DF. A low nitrogen 
solubility was noted in the mushroom, which varied in different pHs. The least 
gelation concentration (LGC) of edible Pleurotus mushrooms was lower than that of 
soybean flour, while A. blazei had a higher LGC value (20 %). P. ostreatus had a 
significantly higher WHC than soybean flour. All of the edible Pleurotus 
mushrooms and the other lesser-known ones had a higher OHC than that of soybean 
tlour. Emulsifying activitiy (EA) of the edible Pleurotus and other lesser known 
edible mushrooms varied greatly and the emulsion formed by S. iiigoso-atmulata 
was the most stable one. Foaming capacity (FC) of P. plumonarius, P. adjmors and P. 
ostreatus was similar to that of soybean flour. Overall the physical properties of P. 
ostreatus, R abalones, R aclpnors, P. nameko�LPK 15 and R velutipes had a greater 
potential to be furtlier studied. It was found mat the in vitro protein digestibility 
(IVPD) of all the eight edible mushrooms in chapter four was significantly lower 
than that of soybean flour with the highest value noted in A. blazei. Generally, all of 
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the eight edible mushrooms being tested had no adverse effect on the growth of the 
internal organs of the rats and their TPDs were significantly lower than that of 
casein. Proteins from P. ostreatus, R citrinopileatus and R eryngii var. ferulae seems 
to he of a better quality to support growth and maintenance in terms of body weight 
gam, PER, NPRandTPD. 
In order to have a better understanding of the chemical compositions, functional 
properties and nutritional values of the potential edible and cultivated mushrooms, 
some suggested additional works are listed as belows: 
1. Investigation on the starch and sugar composition allows a deeper 
understanding on the chemical composition and the starch digestibility of the 
edible mushrooms. 
2. Developing procedures for the purification of mushroom proteins in order to 
investigate their chemical composition, nutritional values and physical 
properties. 
3. The physical properties (WHC, OHC，gelation, swelling, viscosity，EA/ES and 
FC/FS) of mushroom protein concentrates can be further investigated that allow 
a better understanding of their applications in different food formulations. 
4. The effect of change m physical conditions (temperature, incubation time，pH 
and salt concentration) on the EA/ES，FC/FS of the edible mushroom powders 
and protein concentrates allow a better understanding of them in different food 
formulations. 
5. Different cooking methods on removing antinutritional factors and the 
nutritional values {in vitro and in vtvo protein digestibility) of the edible 
mushrooms can be carried out. 
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